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f«w tliomsaaift t@ ©n© jrstmelng ffiilllons ©f-
lirlag mmT^ year Is tli® last years 
tM# h&» mhQwi » r®®arlcafel« mm th# tr#» 
@i!ti»g y«»» 'ffeis i«Y#l#i>a#at has a®t ©aly trmm 
tfe® »##(i for a&t#rlais wfel©h limT® th® mmsttal mm*' 
%tmft%i0SB ff aat ®l©®i©ml f08s«ss®i % 
th«s# »t©rials» %at als® fre» t&» ®as# with flay 
#aa a&4® £mt® flaiA®4 &rll®l@©. 
BmiamX ^©ms«Kts ©f i.tttemn-b rmimu hmm 
%#tm aa4 tis©m8s«4 in tfee Mt It 
a©t@t that B®t mB &t t!i« @oim«r©tsl r«sias is 
wtt!i@iit a fmmlt* Althei^  aai^  teilmM® o#iibl»atl®a.E ©f 
p3POf®i'li®8 ar® ®Tatl»M« la the ^©werelal r«siBS, msmlly 
tM®r® will a©re ©MrwifltMsti®® ©f m 
fextimX&v mmtm. wMmh its &fpll«ati®a fey- ©#rtftia 
mm thwm me ^i-esto ©m- ^• 
ms#t tm til® ®i«is WMJ^ IsproTsaemts la 
feaias a»t la'ffl©tfe©i,s @f ii#l4img them Mw Mes ®ate la 
last f#w years, tet it Is 1i®li@Tei that m.&k. mterlala 
®m. i« Mm&rm» tii® aeet imwmtmi 
mntmmtim tii« flastle iwAmtr^ &t tie '^ tmsmwt tla® is ms 
#@®a©al@al on©# All 9t tii# mmmerei&X. flastl#s nrm tm 
mx§MR9%m» fhm® is a mmi. tm m plastl® — ©a® 
tliat saa selt tm fowr ©f fiv® -mmtm % 
f@ a flastl# that glv#® fr©«ls« of 0o*«r«i®l 
am®##®# me i® lltttt«4 t© tii« •««« »f r@latlv#ly raw 
- li.-
tkttolis tafe^tri4$p ii0«%l®»#t rmbl«rt fsf,r©l««a,» HI 
®.f tM#@# oaterials hsT« %#em ms@4 is6stt©r@tslly for tli® fr«*-
tm©tloB. tf Mt thmm is .®%111 «©tfe<i-r Qtmm «f 
»w aatertals that lias ¥#«a ©T«rl©©ket t©- & great 
• mttl fe^emtlys aayeeli', "tife® iaaiwl fr©Am®ts 
im4 f&is g®«®s strsag#, l>«@am»« th«s« 
aateriftls p©ss®« s©a« imp©'rtftat «€vaatftg#s ®v®r tli# #tk©r -' 
m««t at tk© fellewiag 
m&tmt&geM.. m^' a«ati«a«ts-
1., Stt®r®om» «milall© iswaally to %hm saa® 
l©$«lil;y» 
Ixtrea#!!' lew ©©si as witli »o8t ef 
ast«rl®,ls mm 
§• tit# Aistrifemtloa the ©©mtfy. 
4,« 5tilimati®ii of tli0 1by-pro4m®ts of agi?i«atw«, 
fh» »«%«« mm all sesiwliat B%mil&' im 
Batmp#... a#y all mmtmin i0«llml®®«» .fci©a4@#llml©s®® 
<»©stly f#at©saaa83,: ast ligaim as tli« m3@y 
lAemlly say |(r«@®ss that ms@® w«s.tf» ®h#mld #ifh#r 
mst all fhr«# ©f %h® aajor .o©astttm«»ts» ©r separate thm 
ia sa@to a that tlt«;r e®ml4 %« msMSt l^ ®f&m4«Btlj as 
raw aat«rlals. 
Ji.ltfci©ii^  Htteii g©®t worit hm ¥##» 4®»« m. tli® mtillsatlda 
©f «®llml©s® ffda agri«alt»al wast«s, tfe# «®llml#.s® ^ttom 
this murm &m mt mmpet& with @@ll'al©s® froa @ott©m « 
• 16 -
WQoi. f©!* mmt fmfTi©s#a» i«T#ral fy©@«ss#s are #rail&lil«- tQT 
©tiar&tlBg til®' ii^ in m& f#at®earns ©f iifast#s 
fTom pr@9«»t» If tts«s f©r fee, fiafl. 
llgnlB @iaj so thst tliey wtlJ. tli«ir • stows 
@f t!i# ®ost ©f s«p.ar«tl<0rii, tli® agrltmltwral mmmtm me^ ¥«#©»« 
& wt«ii a©r© iaf^r-tisa-t 8©«r#i ®f t@at©8aas,„^ 
«ai in SOS# eas«s th# its«lf off«r 4#fiatt# 
p-©sslbilitl«s f©F the pip©tm@ti©a of flssti©#., 
mntmm&m mm. mmertsA int© psatese-f ©r fiarfaral, 
Wmt%T^ is tli« ^km-pmrnt ©a tto,# Market at tli« in*#-s®at 
tian, s^t it pi-olimbly ©©ttlA lb® im qmrntitlm 
fm- mi tM# a»3?l:®t fi'lte* ferj f«w 
rsalls# lt©w mm&h ftir^fmral @aa %« fw® 
wast«a. faM« 1 tfe« aT«ra«« carnal yi®it 
of s®»« ^g3rl«al.taral m& tii# jieM of 
fr®a th««a Sils la ©»ly a list ef tfe# 
feteatial s©m3?®#s... It #i®m3.a. le tte.t fu^ f@»t©«ms 
@©at&ittiaf mtcfiai i® a s®«r»« of f^rfmral, 
a® p@t«atiai .yl#14 of ^fursi fr®» tli#s® siae mmrmm 
is tb# Halttt States al®»« mm<&'km tli® fi..gmm #f 
ftfty-»»ix sat a fealf ailliea saam&ll.y» 
fb® ligaiH fr®s®»t iJB th« agrt®mltm»l mates ©ffers 
aii®th«f Tmm ii»t#rial t©r mm itttmsltri#.!,,. MmTm&m 
tmaatitl,#® @f tMs mm a,lTO aa a 
of th® tet«stipf» 
'&€ mmm&h &mseri%@& la tM,® thesis was an atteajt %#• 
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Mold Soybean Plastics Soyiieon Meal 
PLATE I 
Flow Diagram Showing Some of the Comk>inai-/ons of Agr/cuifara I 
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msf mmmmioM of iMSfics mm 
wmFmAj, Mm mtm&w mm 
iMfmPWQf im  
It Ma® %«®» m&ws. t&r a 1®»# ttm® tte&t » alt»fey4## 
a» foraaMe^t®;, m.3. m .smek as «ilk #as#la* t# 
f®i?a a flssti© *terl&l whm mttf 
#iimttti©as# aat#rial med& ti'&m milk 
h©w«ir#r, is teo #^«nslT® f©3P mmy tiirp©s«8« farftirad 
is til# tfe« a«rlc«t at tii» 
f©B»t for ©a m m&l h&Bim 
Imt it rtiomlt rememb0r0& %h&% km 
& mm&h iQwer m&X0mlmr wei^t tkaa fmrfmrsl.# aeal is 
th® ^«ap«st m&mrm sf ff©t«4» mT&il&Mm, mBpm&i&lly 
If tl® fr©t«la ®aa "la sltm* witkm-b g&img t# 
#f sapmrntinf It fr&m tto# #&mstitu®»t8 ©f tb«-
wbelB ®««1. A @e:a%i»»tt©a, tliem. ©f fmrfwal, a®A atal 
©ff®» 4#fialt# t08slWllti«s ftf a ''A#®,! plastl#,. 
firfiapal ©tier ®©astitm»mts m®«4 mm wat®yf3r©ofiag 
®ata3^»ta,, and Im'teyieaats M tk@ frftimfati^a ©f plasties 
frm »»a.Jl mm r#latlT«:ly siapl© ©©af^rafts ami »#»a. a® 
. - go -
tlaemsslom m. tli-« otk@f hwm&i %m m 
rnxme&imW -®ta®lex C®&# t@» my'bsm a#ml Is iisti 
h»r« t© «#«a fkm s^mi pt«lftm» l#ft ii®®t of 
tfce @11 wli®l# g©fl#ias-.) fb« #©afo®ltl©» #f aoy%®«i 
a®ft3. mirie# Brnrnwmt tis® leimi ©f ^#iia 
its pwfayattom. a® @f tw© r®©mtly fm¥l.iitfc©t 
iflRalS-ges ®# ar# gh®« ia ®r%1« 11*^ 
mwm II 
toi%«ls of B©y%#a»s 
A«e@rtiae t® A@0©rti»g t© 
C4t| terii»©« <lg) 
pj?©-t@ia iS..S 
Fi.t lf»i 
fetrast tS.f ti.i 
4.6 
e^mt# fl^tr i*§ 4,S 
Moists# s.o- f.f 
100»0 
ffee -Mftlj-sls ®f »#itl ¥»i#a with tlj® 
@3it«at ffeat -oil sat otlt©? selm'fel©' @©m.stl%m®sts mt% Twmt^ 
trm til# hmmi* Csiiig tli# &hm% -mlm#® mm a Msl«,, 
asswliig tfesat th® »®al hag Ub p#r ©11,# tfcat m ®tli«r •mm-
mm r#»ir«i Im self ©at, m4 that tk® 
m#al. lis® S.S f«r ««mt tli» av^rac® ^al^sis ©f 
« gl « 
«xfcmet®t a#&l womlt iJt as siiowi la &llt III* 
^mrn 111 
Aaialjsis ©f SQtyl(0a» X#sl MemlmXB.%'§A twm 





fretsta 48.f €-0.-8 
fat 1,5 la 
I*f»@ il.i S£-.-S 
4sll. 5-.i i.i 
-SriBtt ft%m 4*1 S»* 
aelatmr® 
100.0 -100. 0' 
the ffiaelfftl ®#si©s«t Im a«sl fy#® flasti# 
stsftAi®imt Is it» &© *@al kas a ftlatl-relf lii^ 
mmmtm ©f 
fTOtslB avallafel®. a# fr©t@ia® ar«. ©lassti as slapl® i^rttsias. 
ffe# fr'©t«tB Is m gl©%mlt» ©aXlst glytisla. Sat®w 
im) ®a4t «a ®3Et®»sl"r® stiAy of fMt-ltliis. %»® ©f 
th«if r#a@tl&as aa i*®port®4 % iatow, ar® list®t -"briefly 
l«l@ws 
(13 §ly©imlii wltb alkalim® r«-ag«stg., 
whi®h mmwrt It l«t® mteT-aelull# «0*f6iaBis-. l®8MI#at8 
smefe ms fiyOS-# CaCOSjg., is4 IH4OI readily Aisselir# it 
SB •-
» #l«w sojlmtloa, ©t a yellewisli 
<a)  S l y# ia iB , , , #aa  to#  g lm t l a i sed  %  t&lUm th# 
«» 3?oli8 wltli S f«i? ®«t taastl#, , According fo 
this aattrial ^aalE©-s m «x©.#Il#at flasti© when har4«®t -with 
• (S) Alkalis© salts smth as -wBt O^COOia 
wi^tli til# fr«# •«»f%©iE|'l ©f 
mmwrntim tfe«s tmt© a solatel# f©m. Si®s# r®a,«t 
im m ail4«.r 4#gi?«« mlth tfe# tr©t«l» tlii® 4® th« alte3Li«# 
(4)  ©rgaat® I tases glmttalE# fr@t#i i i  #«3j  
(5) iaor^^® &«its i-e&et with ^ly©iaJ» • 
m& glmtiaizln^ at tke Siwa# ti«@« 
• CS| Biennis ®r safJtthols mmm% wilfe tli« fr®t«is, tli# 
liyAi-©^! with th® amis©" ^a«t,. iw«s#ls 
hrnm the ®tresg®st ttssolTing. p@w®r oa tli®^ 
atal als# ©©sMiiia atemt il f©r «#»t ©f aitr#^ «s-
frm mttvmt m.& «ra4@ fklm imelmt®# »©la%l« sh j^ps 
aad mmm ©^rfeoJ^Arat®® sm#i galaetams^ 
a»A amliias, fli« report® in tfe® lit«»t«3P® sot ta agr««-
a«at titter as t® th® ©r tli© of' #®#li. 
that ai»«'fr«seat. 1 tffi®®! analrsis ®f th# 
of s@ylb@<utti aaA® ly a»l lteil«y 'Cft) is .^@«b 
ia fa%i« If. th# #©sfl®t@ of tii«' «y¥0it»s ms®t t®' 
&0 fdll©w«t: l«t#r - l.i..Jf t«r .®®nt| i«if @«»t| 
• pSi-
- M»fi ftr  
ipit 
f»«« ftpM't#! te@3.mi«« ttt® ttjW».3L3f 
If 
• mf' "Vhrn 
®f ioy%«8a ;l^ al 
ftita«#ts®s I&| •  . • -# . . . * . •  . # •  - •  •  . * . •  •  •  . # •  
As i t s  » . . . . , * . » •  . •  * * . *  •  • . •  • • • . . .  » . *  • . .  •  •  •  .  1  .MP 
^ Wm^@m .4*#^ 
^ Wmm»% j^w®^ t.©fp 
. » , • . . . •  • » , .  *  , . . .  .  * »  
-  » -  * « . « . # . •  *  •  •  •  •  . . . . * :  
# « »:,« mm* • • • *  . • • • • • • » . * • * * • «  » . . # * ' • • » » ' * - » . # • . « • »  *  .  •  •  •  »  •  •  •  •  •  •  #  . •  « . «  *  
e^umMrnrn 
*«#»» mMT laa»Ia»» <l)y 
«•.» • •,.... * •* • *,».. • • *. M-m%40 
Jf^r- ##3B^ 
•Ca) ®f gaU '^tia® 
'Ife® fe.liow,t«g irais.:«» t t© « 
liasti® fa?»* m^m '&m 
%# ««%Sa# tli«s® witli -atAI-Hom 
®f etfety treats to give imprswi !««.,• ia mMh 
m wy tli&t til# eart©liyimt© fmett©!! ®f the aeal &ttkm 
•esMWatft wttli #®M #f tM m&BMinmtB or &et.®4 a® 
•fsrt ©f imsk a ©©abimti^m ©ff®r#i ifti# ^rm-trng^m 
at rsw ^teyisls as w#ll as a® ms# f©r 
a^iemltwal - If-fr@tm©ts im tlit f©r* ef ^fmrfwal. 
- Si • 
iiTiw Of mmims mm 
ffe« m»« ©f Is 'tk#' fr#tsyatioa &t is 
m&%-m 'm&mt Am&r&im Sat®wi®i®t®r CfS>.,'-tk# first 
-©f we^k d#ii« al«g tMs^ lla« Is ©drnt^lmM ta m 
iemaa pat«at tal^«» mt i» lS8i Mwlm «©v®r-
a fr®#®®® fer tli© tr©tm©ti0ii of flastl® »g8#s fro» •#&!€.' 
ait @®mglsts of ^aselm,' iAl©li is tli® 
p-pisetfal fr®t®i» ©f ailk,- Ca»«ia plftsties *®if® ,p:ip©tm©«i 
^oMit-f^ially im &%©mt If04,- ais Bat^ial wm ©afigimalJj 
teoim tolalitli sat is etill ¥«img «ft©f t&at sm®. 
It als© is fr©te©#i. im the W»it@A States mArnv th® 
aaa® tosTOii., .ffc« •§mmmm e@asi@ts «f fa»«®e4a# ffiill: mmeim 
iat© rots m -^emts asi emrlag is « f©»&lt©l^-4® 
soimtism. fli® rnmtm m& rots are then trl«i mM. st»if&t#ii»i.. 
i«a8#»i»g m t-aflag tair«8 ©©ftsittrnW® ti»« mm- tkmt alette 
mrm not msaallj »«ft# thiokBT ttiaa ©f -am 
of tlie t#mt«»©y t& mirf asiA tM® hy^©it©ii©ltj ©f 
tli« material, its «o»t :»a@.0«ssfal nmn «r® f@r smll artiel®e 
wheT0 «0i©r» afftsTM®# aa4 d«»teility ar@ tfe# first 
Fssi^l® fMeBol-f®»aia®feyi.« resins a«itfe«r t©i^-
a«8s aor #laeti#ity »# »ot»1>l:y feifittl#* IBk® iafmsitl® 
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to stt@€ mp the r®a®fioa. fw© ©t^ei' attitlons of 
t#m psft® mi, of tlm fwts #f we» ami# at 
tBttrrals* »» ttoe,r@af%#r 
•amA »iatatB:#A la a 0tat« of geatl® f©r a ftrlei 
©f al>®ut tw© watil a saspl# s»Jidifiet «b. @0ol,iJig ia 
mlit-4 Willing mMmrMls w#» aftftst lai. th® «@ffif#siti©m 
IB aolts wb®*"© It was h«€€»e4 % hmtimg tm mix how® mt 
3.CJ0-110®C aat tli«m fer a tm .tomrs at & hi^er 
tem§mmtm^0 pr#f»:rti«s «f tli@ aitt#ri&i. mm% a®-| 
Sattw.CtSi ©lalii® that la 1910-1911 WmtmBm S,. lita, 
Asslstmat tr#f«gs@r of tli® fold© Isferial aiiv«rsitj» tri»t. 
f@ frepsrt m ©©ll-aleift-l ik® fr©a mmf* 
iJtwB im th© -plmm &t mmmtmi, tet wmm »ot 3i.e@®8«fmi 
ta Mm fttteapts witliemt ®iifl®jiag plieael as « selfeat* H# 
flaally ®i«6«st«4 that ®®y%eaa pr^telm ml^t %# «i^ loy«t im 
0©ali»atioB witli tekeliit, 
Wi@eluB«aii eltaiii«d so«# patent s f®r the f#»atie» ©f 
mQlAimg fet&ies ly ©©allBlmt m feaetisa pr@4m«t &t tfe«is#l eaft 
foF»aMehy4® witli a vegetaM® ©r i«l»&l fi»©t®im* Im oa« 
©as® C84)» al^min w&8 g«%3«@t®A first t® tk# a«tioa 
o:f pli«aol» ftiia was t&ea tr«at«t witli fciwaMetojA®. A kMPt 
•lk®i»«tlastl@ Kilsstra## was ®omli. %m traaa-
f@»«A iat© a iBfm»l%l# %j tfe« »ipll#«tle» ©f 
Ife&t py®«8tty#* la collier ®as« CS§),' gr@w4 
« 28 -
irmi was wltfe a ^-oXreTlm^ SQllt partial ©esteasatlen 
pfttmet ef fliea®! md foraalt-elij^t®. Sils was anlted 
a»4er heat smft f»®®ars to a liej?4 lafmsifel# #®tta.#»satl©m 
fr©4m©t. Wtmeh^m. m&m ©f thm opiaiom tk&t 'th® r®a.#tio» 
%#©k %«%*»«» tfe® *te«« ©oi®#a«mt® MA that 
wg€taMe tfofy a«tmally was i» ts'th® m©li®4 
ttateriftl.. 
Im Ifli. §©a@tftnt m& <lfi) oMaia«4' a wrmmh 
pateat tm tk® frefaratioa of a tfaasj^ent* a#«»iBflte»afel« 
mM. fdltlmg fr©m 
fr©tf4B» #xp3?«ss frmm wmm tr«mtet 
first witM a lb&se». tto«a witM aa •aeit» aai. tli# fr#-
fy©t«ia was feoUtt In tli« pr#s®»e# ©f al^aiinaa 
gstalptot® aat ««©aim. sttlp&at#. la ItM ©-fctaiaet mm 
ikt€iti«« t© this pstmt (If) f©r th# ©f «. jlasti# 
%y ik0M.emtn$ fr©t«ia with s©4im fMselst# msM. aJLum, 
tisseliria# it la alsofeoM® a«ia, m& »lliaf the 
reiraltiiif auss#. 
ledt tefi. Hwpkfles (i2) & pat©»t 1» If 14 tmip a 
pl&sti# ii©ap«c^t#. »s#a^lij^ hom e-r iwi'j# &©a pr©t«la 
»att®r «f soyb«Ms. fh« artleles wme ami. tli« 
lia3?t«a®t im for»i.l€#toyi.e ta m a»im«r similar t© ttiat m»®i. ta 
tM# prepaFatiea ef flasti®# fr®® »11^ 
la If 14 i€B} ^«ga» a ratli«r «t#B0iw iaTsstigatiem 
m th« ©f »©yte«a« troteins tei the fessl'bllltl#.® 
®f mslmg tlieiB im tli# i»tmetlos of flastie fr®4m©ts« 
- 29 -
w»s first sfpafateft trm tfe« BQjhmm. »e&l • m&. tli®« , 
its -pmprntim w«r# stmdltt.* Satow fo-ani. ttol tli# fr©t«im 
#omlt 1# witli- lbwi@ re'ag^ats smeli &m. tmustio 
altali#®# ftlimlise smitsi taA ©rga&i® Ms#s* A«l4i© 
meh as taorgaal® atiAs, dygsaie &©itgj fliasols^ sat 
aslts wMsli f-eaet aelftl© in their s®lmti©a® 
sis® glnitmimmtim* fsrlems ilftetie fr©4m©ts wem 
,«ai@ fe®ii tr®l«it8 gtetiiii2#ft with fh© al&ir-# r#®g«ts % 
'tbta witli fe«*sa#t l^®a«t#traaim«» 
tyi#xy»«lhylea«.j m& mm§timM.m» Sat#*,-
als© fomt t at 111# eily ®®aa®asati«a frefftr#A % 
fi©»Atasii^ lfe,«0l with ia tii® piresea©® ©f. 
wtMiml& feat th© ef .glmtiaiatj^ s®ylf4«i pireteim. % 
it was tfet® a s-troag# l»solm.Me waA 
Imfmsifel# 10% to a mmmm siwilai* te the mtim ©f Mkftlit®# 
A »®i"b#r ®f f^r making plastie# fr« soyleaa 
pr«t©ims haT# %«ea TpAte»t«4 % Satow C64# 60, SSg S?, 68 
fOK ^®8« »at«yials w«r® sait t# 1® as a 
ra"b%®:r sm^stitmt#^ iasmlatiMg aad for 
ls©t»®rs* 
Sat®w Cii) that w#ll s.a»fl«® a^serfeea 
a%oat 0*5 per mnt to S pe^ ©eat of water in M faomre. But, 
if a l^:gr#8®0pl® glmtifiislftg ageat ms mseA# the irotmst 
a^s®r%#ft »®r® to i#r ®«at ®f iwt«3f ia £4 
.fli# mse 0f farfmrml -amA v»ri©ms fa?®t«i»8 t&T tb® fro-
tmeti®a ®f fis@ti®g has iiiv«stigftt«t ia tli© 'C!h®*i'®al 
- so -
©f Iowa State C#llaf© tm » mmaley @f 
y#arg, <fl| is If28 ^4 Y«a«aMJ.JIa« (ii) i® 
IfgS to prepay# flastles toy itllk 
i» farfa»l» fhe proimttg #%tala#i w«r# not saffi#t#at3j' 
mslstMt t# wat#r t© ms#4 0#ais®r«islly, 
I» Ifti Clil »ai.« s©a® at«Al®s- m 
ittgtlos ®f slftsti®s irom trntom.! m& ©msei».* 1® £®m4 tlist 
a tlie3?»fiitgti# «®af0slti®m 0®«14 ©fetatiasi % alxiag t*© 
part# ®f aiJlc wttfe ©m# f«rt #f 
fmrfuyal «»1 tMi'«tlate,ly at mter & fr«s.smr@ 
®f i*0® fQTattls ftr tm@ii .f©r t«» fii© .saailt# 
#©ml4 l># •|#!it«4 At mm m after fli» pr®-
4u0t m.m & aoldet wliieh. was lbla®k,. 
Alfftomltlf UftfiftamaM® aaS. 'sliglitly wat«f 
la IfSS- Ssil#!- C It) , to frsfai^ 
trm. s&y'bmm mmi wlthmt firmt tb® 
par#t#ia» t® f»pftre & plamti^ tr tfe« a«th#i ma^ 
in til# |jy«f.iOpati©tt ©f ^tlalltJ^ w#r® immmmBinl ms thm 
material 4£4 met tomeim li«w®T@r# tia 
fiai. tfaftt tli« tt»®t f-F#Att0ti©» #f & BGyh^m plmmtiQ with 
th« us© &f pfe«»ol, esmsti©, a®t pa.r«f©i"walA®hyt@ ©r trisjey-
Kttliylen# w&® f#as4M#« His ®®®t mtlsfsftefy pr#ttt@t was 
%y ndlt'lBf a toy «i:rt«p« Gt s@y^#t3a mmeti®,^ 
pii«»ol» aaA tri©:syaathyleii«. . 
F©rst#r |£i-) also sr«i»r®t piastl^ mmpXes frm my'b&m 
13 1$ 
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» gf • *»• 
t@ sak« ilasti®# tmm -soy^sMi »«r1'foy»alt®h.yae. 
fmjlm CSS) %h.% aftthot mseA' ly %he ?®r& 
Compaaiy »s f©ll#w«} 
»Ilie mmm% wiit#li ao«®« iut# tin# plmnt in i® a 
@l©se& Etdleip mwv^m tmm tha v®m t© w ^r^lirnxj 
attrltloa Mil wkmTB It is fftomA to ft flm# 
tfee flasti® Mteh is w«l.gli«t Into- a |.a@S:et@a fe.k#f-PerMs« 
« l » r  t t  i a  w e r k e t  f ® ?  t w o  t e © m r »  a t  S O O ^ F ,  s a d  f rm 
two t®- thr©« %&wtm at & .l®w®r t©»f#yatiij'« f&® ta-
dlTltml tet«fe#s sr# mrt«4 trm tia® t@ tin# t® «##t t1h« 
•tiffertat fi'®f®3etl«8 ia tli# faritms 
fiai^ ®t fsrtg» A r®pr«se»tatiT@ «iic«'r ^atsh. #f 
SSO 11bs« s@yl«a» ISO lfes^« iSO !¥«• fer«all«faya.e|. 
300 i%s* W0®€ flfttif, w lis.. ma b6 Its, lim®. 
til© aa»omla aai. llmw s#rir® as ©ataJ^rsts for tli© feim&lfteljji,# 
i-eastion* 
*C#l©riiif lignent is a#ar th.#^ «mt ef tfe« mix, me : 
is also a SBSII .aaomt of zim& at®a?»t# ana st«ario aeit 
*lii®h ««rr« as »M lu"byi0aftts, wkerm^ diiriiig the mixing • 
^mmmm th® aateylal Imps and %«#©»©« tough, the final 
@©at«Et8 ®f th« .aix«i' Jimst pmt throii^ h a Beaahiii^  internal' ' 
atxiag mehla#,. m<6h as is m#«4 1» raVtim mmpQwaS.lng» 
large machine, wM®h 1« 4riT«. ^ a BOO h,p» electric motor*' 
glT@® miform density to th® »TO % its intense aastimting 
8®ti©«» From the Banhiir^ th# • iMterlal goes to a Hayjioai. 
Mia Bill wher® the temperatmr# Is l®ft 1)@low 10O®F. in or€#r 
t© afsift premature euring. IQils *111 is of the hmmmit typ® 
«Bf is gas~fir«t, th© hot air ®y^. mwsftm th# 
aaterial mp throti^  a f#rti-®itl lB»ta-ife afefftp# t® 
ft. ^©1«« separator* after s«paratim fr#« th« air 
8tr#«,. th-t 4r^ mterlal falls t® m B@Tem fro® whieh tfe® 
#wir#is» 4r®ts t® th# p'lmter. fhe powttr g©#» 't© a , 
tma l^«r t® ohtatm a i«lfor» hl#»tp and fr#» ther# it tm t9& 
t® th# aoltimg aa®his«s# ®i®s# ar« l^ trauli© preasts wM©h •, 
®»rt a foro# ®f I.,.0©Q 11. fer st» ©perst® at a *©14 
t-®fflf«ratTir® ®f fh® tr®sta«at #f the material i» that 
fart #f the ^mmmtng l«tw##ii th« ai:^yag smd. llenAing is 
«xtr®a@ly inportMtt, emTf #pera,ti« teimg elo®@3j ti«#t so 
thftt tli« last 8t.ag# of ©ttrimSf which refttires atoomt three 
ainmt©B». t«*®s plso® in the pr«ss«-s# ?r®«&tTxre -©arlng-womlA 
®#aa m mfflolAahlt flagtt@,« 
(443 tas^rlh#® th# pr©#«ss in th® followtof 
msmmn 
m -
*!&•« mf a«ml is mtx0t witli m& a fsrt @f th® 
t#tai ia«stl% f©i«alteliya# a'saitft l^# 
mmmX^rmtOT In & mixmr whmre It r©aets tm 
IS #r 20 minutes, Wkls results ia a «ixttire which is 
partly lh«n«J.-foiraaM#h;yt# iait psptly @ag«la Iiartea#4 
th© f©»®lAehyde iBt® f«gl» ©©atains the eellixl©s® 
til# 
"fh« rtantalng quantity f®ro&14@liyd# ®at aeeelefater 
is ad '^ied fBaS, the reaction is mmtinueO. for ano'thm S© 
minutes, aftre^nately, to the regaining yli«m©l i»t© 
resin as mmll m to aomplet® my reaetion with th® fwteia 
not previously oompleted. At tMs point the filltr lwm§. 
flour) is added together with ©laj?- and steari# atii to 
promote sa©©tli adding said th® 1iat©ls renains in th® mix®y 
until its w&t#r 0ontent has h#«ai r#4uced to about t« 
per oexit, fli« latch emerg®® en & eentinuoua oonveytr 4a 
th© form ©f a iwrnpy amss whmh h&a ©aly to h© dried rai. 
graaulsted In a &aluje^ «t»r to r®i^ y for th# 
fh« qu^tity ©f wmi. filler msti mas fro® &0 t© €0 ptr &m^** 
€has# Cli) states that altli^ u^ pounds of say-
l-taa ar# ^eiiif. us@4 daili^ ,. »«w wmMing d«f«rt-
tt^at f®r ^s©y¥«aa hag »«t ©xtiesded. mm 
&rl£imU^ t^mteaflst#!.* Ihit wm %meMm of th© fi.®t that, 
the sos-fce-a® pl&sti® ms m©t fl#xlM# em^u^ fm e«rtala 
ms@@ smeh m f#r wiatow ©tenrriag duriag 
ass©sl>ly.. fhe pl&stie is h«img us©4, hmmfm,. 
for #oll 1s.s«b. f©r ©oil mnmrn sad mm ..shift .teohs* 
fh# »at#rlftl is pr«foritst iaed preli«atet to mmm tim i» 
the *oMtmg ®i#mtioa.-. 
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mmmwmatmvb 
Im %h% fy#fsyatlom of flasties tmm mj%&m atal m& 
fmrfmml «©st ®r all ot th# followime »at#rlals were m 
mmT® in tb# aixtay#! 
1, S&yhmm »#al 
g. Fiirfm»l 
», tl#»0l 
4, Aaa^alma feytruMA# 
Ma® 
S# lat»r 
8. WglleT » ei.%hsT w«oi tl&wt'm asl@st©« 
t, 2ia« mtemr&tm 
lO* 
11# • e&rtoft Wa-€i:.,i Irea ©xlt®, ®te« 
f^©» smtli a @«»jl« ©f natgrials «, lerg# mTa»1>«.r' ©f 
je«»@ti©a« ar« f©ssi%l© ant m&»y ©f tfeea ar« 
t© o©«ttr» A tm of til® possill© mmMme will %# 
.®t 1>.y im tto Bices-toee of. 
^Vi II 
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faapfmr&l poi^meriiatloa @b staatlag* 
ti?snsf#wiatl.om is •orainwHj' slow,^ %nt It 
a#@«lemt#4 ly keat ©r %h» iir@s«»©® of ©atm^lymts* Fewaei 
(Sfl. ea# ©f tbt «arlr wqA^tm wltb farf^»al* ®all®4 
a,tt«ti«ii i® A#Tel©f»eat ©f reslsems fur-
fmral wltli a®ltss or slkali«s* 4®ift eat&ljsts #®i« 
t© %« ».§s.t Timt alkalis® ©atalysts als© freduce . 
f®siaifloftti#s ©f fmrfaml. (§2) asT®a 
fayts @f a 1? f#.F mmnt solmtlon &t s©Alm lyftf^^adtA® mS. ®a«, 
ftajrt % ©f fm-fmrnl# 'fii© solmtlom t&rk %TQm 
.aft®!- feemtinf tm m fe®mr# a al.@«fe#l-solmll#,, 
wmiM w&s fei- a©14if|-lmg ml'&k aeifl.#-. 
Bdlntlms ©f thlB rtsia 0®mlt Tm umi, twr ®#atlitg 
• pmrjp©s®s %s 4t a fijm glmm mtt&m m 4 
siiiilsf pTmmiMX'm wmm f©llow®4 Itolms -iyBi. Ailllps (4i) 
«»5i©yia^  ft S© f«r ©#af solmtlea ®f s©4t«»' I^ 4r«xi4© '©mA 
».e44* 
ftepfgf&l «at & 
It is w«ll ls6w» ms.t fwfixml witk t® 
fom F»sl«'©ms %©4t»8 0f til® lafeellte tyf@» l«elmfmn smM. 
l«to |i} liav© piptpar®! a muafetr #f tmm Itofaral 
aat «r4#m» :@ael a« ©r®s#lg fl«a©l »t 
u©i3^ a«14 #ftta1^sts» ^Is jrea^tioa, fsrtl'@al.ai*ly If #©»• 
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im^mm m. ana. & 
is hmttM. M pm:mmm' ef 
mm% m.w str«g mmmeim om- mm&mtme^^ 
iifs t# «ata» »«M® %« mtmf ©f 
• « fl# e@a4itS#ms* ««ia® a#14s f#MtA je«a«t 
wltii dtii«®v«i^  % 
(flj* f©-yasM^A# .3r»a®t@ wt«i tti«-..Mia@- p^mi» 
A/siailar reaotion wmlt 
1« t® fiti®# %«tw« «a4 'itt m»-
.py©t«is that «©a-feat»s trmm i^ta# greufg* If 
iif ^ 
. , ., . 1 -
Xo @ * IMS' f 
ti.® ®f iTOt#ia ifllii m iir«m3.4 .»»• 
f #|J.®W81, 
1 « '• 
f W»-^ .K.-.t . COOK f M 
I # s ,., P' 
W g  1  •  e - E  
tw® &t©»# #t ©f -Wm m$jm • g^:»mf • mm m»-
n 
'Ir ^ •. iw^4®sl wl-fl • "to® feiraatlea #f m%»» 
iwl.« ©f wat«r» 
A#ii«et-1«§- t# iiimiis I f4) iavelwt tm mt 
la ©iiltion to tli» 
mkmrn f#3i«*l.a^ iyi.T«a« i^: 
m 
I l®0 






.1 - 'Mg 1®0 
1 
» 1 « f — I a 
\ 
1. 
•iiaacjas ''bmlimmm t&at th® trm« ©sqplaa&tioa ©f tit® 
Is well i©r« tMta % mg- #-f tfc« 
&*&©•« ©fttstlftns. 
Bsftttiea furfaral aaA«B i^a 
®i#a farfmral ant faia®»lii. t©g«th«jr 
lyte©faa»i4# is f«»e4 to tfe® foll®*tiig^ 
#tttatt©a CTE)i 
ayt«fttpaat&® r«ai^ amg#s t# f©» -^m t» 
&%©n.t t&w m he-or %h« f#U,®wta# 
ilO}t 
+ SHgO 





%% ms@A ia th.@ tla©e of 
m s k^a^Aemiag ag,#nt ia th« p3P«iaratio» of 
jlastle#, 
itfetaol a gr©t«im 
^t@w Cit) ,r«iGFt#A tla.t •^h&mlm hm« & 
tt©lir«mt a#ti»m #» fTOteta. ;K«- stat-et that tk« feytyoa l^ 
g^i-anf of tkm ,ifc«»ol Witts, tli® .iMsilB© &t %1m 
fr®-fc#4»« 0r«s0ls wsr# gtat@4 to liaY® stron#««'l tl*-
solTimg f©w0r ©a tht prtaelpml ©f 
sejiitaa »«&!* 
l#R@tloa %-^twmm •ohm.al ant woct fl#i» 
phmmlte &ig.«stt©» »f wo©4 ^A®r -pmMmm 
8 F®simoms of p&®»©l auft #«llol©s« CiS)# 
% this aetfeot ««ot tlmr m&s witfe f&wt tia«s Its 
at gS®®C for fe@a g to SO liomr®. 
pteea®! wa» r®«#'r«t % iistiila^tloa l#aviag %«MiaA 
a f»aia ©f Mglt Mtltlag • l.f tto'® 
®f tmtim was soa# ©f m® w®©t .3?e«at»«A 
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syaA strr«ft as a filler f©r aolAiias. M©aifi#Rtl©n» of tli® 
process were ly the aAtitioa ©f aaaomia ®p varloms 
al40li^ 4«s. 
?iup£«ms r®slas haT® l®eB. pr^m@®4 Isy th# a®tl©a of 
fli-# a o l s  o a  l l | p i l »  © O B t a i a i a g  f f i a t s r l a l s ,  p a r t l s m l a r l j  w m ^ m  
In the pro«®ss#s A#8@ri1>@t hj Imrtmtti CM,M} m&inQue 
materials foy la@ttt#rs oi* aftlieslves wt^e la tb#-s® 
pi-o^tss#® wo@4 was hmtM. with ^€aiols eitla#r ia e©ia##atrat@4 
f#» '©f tilmttA witli mt#!*, aleeliola qt litmli lytroeftr'ljon:®. 
It wm ©lala«4 that tli© 0osl)lm®4 wttli tl« ligala @f 
wooi. aad l#ft tli« eellml©s® 
©tier aoMisg ©oiip©®lti®ms have ¥t«ia a)^e tmm 
ti® of phemtls witk llgaim aai ©tllmlos® @©m-
taialmg i»t@rials# for a »oi'® ©®apl@t# Ais@msslo«'of tl®®® 
y«a«tioa8 r»f®r to f«^t II ®f tMs thesis smt t© 
Sfi ©f »nte ( . m } »  
Ht&etleM %#tw®®a fmrfaml ana liaaiii 
Itl^ la als# has 1i@«a eeaAemsM with altehyt©® msA m&iMm 
to giir» r®sia»ms Philllfs Mtt Welh.® (60) t?#par@4 
a Bnaljer of Ma®k ipesl»s trm^ wm& msiag as 
a eataJiyst «ith«ir ECl, CaO. SagCOg &t tyrli.i»#» fhmmm r«sias 
mmm %1r«S: and w@r« selmtol# In wyicflQiii solwats.. Si#y 
w©r@ rnggmteA t&v nm ta TOimisb#®, Sltiil»ly, a melftlug -
®©mp©sltl®a ms for««4 fey li®atiag fmrfmral sM •lg'di'olyg«4 
W0'©€ wt%h a alm©ral aeld as ®ataly®t Im. tMs pyo©«sf 
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mat® smell as sawtmst, was lg€yo2js€t wltk tllmt# 
a.®it wi4«y ifftsgure, fb» rtsmltlng aftttrtal was 
a©i4ifi®4 with hjar« l^o3?l@ a#ia, »lx®t witfe fmr3te.al. a»t 
«ol4®4 at lEOoC mA#y a pi-essmr© of EOOd' f©mAs fer tt^ar# 
la®k t&T IS aimmtts* A smsII feretataf# «f' sm 6i»0«'fel® 
aula® atiat to tfc# mixtwt» lefor® TOlAiag wa® -saii to 1»-
frev# th.® wat®!-' resistsnee ©f th# aat«rial, 
Rgattlgm ^Itgaol »& ear^ohy&r&tgs 
are alHtliy&e-altehols, ]fe@tem«-ml@©lt©JLs 
©y ©©ap©m4s whl®h ar« eoaT#ft@4 Ity 1st© al4«hyt«« 
al00fe©ls GT k®t#a« al«olLols, Siae# fsraaM-e^t®, wM@k i» 
wia.#ly ms«A im tlie pretayati©» of flRsti©®» o«a le p©Jyis«ri.seA 
t« Ij %he a@tlom ©f Ms®% @ar1)©feyAfis.t#s 
woml4 %% t® 1# 0oaT«mi«Bt sat efet&p TOmr0#s tm 
tlie ir®tm©ti©B ®f malnm bi- r®»@tioa' with wtm m 
pli©B®l.. Meigg (48) has tlb® ©o»i.®naati®n ©f 
with fh«aols, aalnes^ aad or^yai® «@ld.s» "Sfc# 
protm«ts meT9 i» e@l©3?, wat®r-iBS®lmll« ajiA sali. t@ %® 
Im Iraklng-tjpe la«tm#rs «aA aoMiag eoapositieas. 
3m®3ros® (4f), stayeli (if) ®mt eom s«€ay (iO) feav® all 
lle®m #©a&©as©a with pfeea®!. It was i?#if©rt«ft toy l«igs tliat 
tfe# ly&l'erties of tJieB©l-«ar%©liy4i'at« reslms ar# .motifiet 
fey @«rt&ia filler® UTOally ei^ leyet ia «©Mi»f ©oafositioas. 
fk« aer« Aifflealtlj wat#r»s®lull® a«talli© Ms#® im 
ar« said t© imprme tfe# «l«@tri'@®l .tropertiss 
of a«lt0t artisl»s» It was ^eli@T«4 that these ttases re-att 
•» 4S • 
with the Qth.0f eoMstitments' of tlie rtsiB, fy®lafely with 4®-
©oapoalti'OH ©f watef-solm^l# gm1jst®a©#s. Ia.sml&tt@m r#-
sistMice ma te i«oi*«as®4 tm*t&li. "bj tli# 
im-eo-rp^ratlsa of 10 per ©eat of ©aleims fejdr-oxiGl# 
( i l> .  
a® ms® ©f catalysts# ®sp#eially &#14s, la 
«esi.#Bsatioa ©f eaybsby^Amtts aad pheaols fea® tfe# tl®-
. atv&Btag# of latrotiistmg l»t© -tele f^slm 
ia»#ftse aaisttirt-ftfesorftlos, ^eleetrieal stafeag'th, 
amA mrrQ^m *etal tle-s Amx-l-ng .»oldiBg« Kertover, 
mS.#slmll© f®»tares m% tlffi^mlt t© ellalsftt#.# Se^fotaj 
i.mt l«iil#iix C5#) »©e@«4e4 ta <i©mi.«»«ia« »tas"@li»s ©r sagaps 
with pheaelg wltlomt & Bj mrr^img omt tli# r®-
mtim Im s «l«s«4 'irsss#! at .gO0-tiO®C. fhm high, tmfer&twtm 
ami %li« ir«®smr«' g©m#ra.t»4 tmrlBg the pTO®«g8 
til® yeaotiea.# t&i-ee»t5iii®t pMemol was ly atstlHatloa, 
aat th.# pipoimst coml4 faXly «mr®t % aMitioBsl M@atinf 
aat th® ms# of tM# maaal •al4«li|-A«' t^p# ®f aeeeltratofs. 
S#"r«*al ©th«r r«si.»s ©Itaiaeft hj tM #©a4#a8fttiom. of Tarimis 
phenyls with ®arl»#hyArat@s hmr® leta iisausaei. 
1111s C2i). 
6gm#»l dls€ra«al0tt. af rma.&tlGmm 
the r»a#tloas dlssmssaA m ay® oaS^' 
a f«w ©f tlios® tlmt possiM® ¥@tw«em tli® «®astltm®mt@ , 
































la to til® oyAlmafj laTismt®!^ girat® #f re-^^afs 
tb@ fftllowlMg aftt#i»ials, wlii@h »erlt tr«ir« 
a#&l 
fto® aeal ms®t im a fm of th® py«ll«l»ai^ 
p©rla®ats was «i5®ll®y mml @ltis,iii®t frm tli® yiya#mtt 
WmmmBlmg Mils., f©fi; »#4g@, I®wa.. M©st ©f tli« r@«lftml 
©11 im the m®.ml ms entmet®! with gasoltme %@fo» th« ia«al 
«sei« 
sey^<^®a m^l mss4 im th# part ©f the work 
f®f©rt«4 la tki® th-tsls ms extimotit »#&! ©Italntt tmrn 
th% &f@M«r«-l>Mtl@l»-Mt41aat 0©api«f , Milwa-ak#®,, fis»®sslm. 
It was ^ariystt»#4 to eomfl^ with tl« fellowlag analysis! 
fat - 11a. 
Omrlo^-dyates - flteftp 
o,m 
f , m  
- Mm m ^ m  





earl®teytrat®s, #t«» C% tiffeyeneeMt^S 
&« mml was rather' e©ajps« aat still ®#»taia«A t&# 
hulls. lK®@pt otiier wis© aot-«i., tli# a«al was f3P#aB4 
to jass a S© »#®li .s-@re« lefo;?® It ms ms®A, 
lh« tm-fwml tis«t w&» til# ^rad® ©"btal»#t 
tr&m tb,® 'trnkeir 0ats- C®»p«®y» Cetar Sap 14s, I&m* 
Sh# -phm^t ms#A was lakers IBf.S.P* a tts&aie&l 
jgrate »^%aiB«4 tmm Keasaato Qieoleal Go,, St. M#, 
WeoA yicm^ ^ 
la the @«lj w®yk aipro-acia&t«J^ 40 seA w®o4 fl@®r was 
ms«t as a. filley,. la the lat®r .w&Tk a ©0a»#r®l«l ^p&4@ ©f 
wooi flew fill#!' "for plasties <afpr©.xlitat#l^ 100 mmh) 
wag ®i® latt«i* material «s o%taim«A trm »©•©*©!>• 
M@©y# mM. Bortli fca&waaAa, l®w T®flE-» 
fhemol 
fw® gi-at®® of arttistos filler w#r« -M %h& 
'pmllmln&Sf worfc m ©rftlmsrj ^ asliest©® ef the type 
m®e& t&t i»s«latl#a w®ipS:.m» «] l^oy«4., I» tl« l^a.t®i' 
& mwmiml 0te&9 #f filler for ms mtilig«ft. 
tb# lstt#r material ms ©"btitiaet frta *i-s}mlslE:--Itei®«r !»«..» 
€lal@a^, Illimeis» 
ms«t was & ®©Mi#r«ial 
o.ltaiB«t fr#ii $&# !• 1,'t^emt 4« leaeur® 
21mg etmrnt# 
a® ila# st#ar«.t® ms®4 ms sai.# in th© lal^ ormtory fr®a 
gla© iE&l#rl4« aaft steari® aeii.,. 
Aaa^nia,. 
»is .i®*©ala mse& was a #f at««©ms 
a»ao»i& alout ES p#r eeBt of 
A #®aa#r@l»i ©f «rto» Ma©k, mA sf#«ial ^mA«s 
«f irom oxides w«r« ms®ft as fl^eats iB'©«rtsi» ®ast«s. 
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¥s®4 
la th® ggsim 
Sit #tmiiaeiit ms®i. Im irtfarlag th« rmim will %® 44s-
later mrl«s»m« ms«i Sm th@ • 
imtifltmftl teattli#®. 
ft^iaafy 4is© mill ms #aploj-®4 t© grint tb# sef-feefim-
• ', B@sl %efoi* mslag- it i» tli# p:r#paratl©a • #f the r«slJi» 
Im -mrg-p&gtmjg ^ttie a»'l«rlai f#r aoltia^ 
Byieg» a# TesiB was trlet .ia m tmpsrmtm^ 
mmm hmtm % m ?S-m%t ©T«a 
was iasal&t@4 with #®m»talk '^ard asTbeates paper, • 
fh# t«af«ratBr© -of Ayt«r ma afeomt 60®©* 
ai® r«giB was #.rash«4 #itli@f 1» a ®rmA«r ©r- as 
i2*®» ii@rfe«3f.. It was ia a :"maiim3L3^«©f®m%€^-
»ill« 
Ball mill. Mm, AVbm @f Imfeei-atoiy %all »tll wlt% 
Jars was ms®A ter aiMag tto,« s*®sia sat fill#i» 1«-
tqtm a©Mia«* 
"Smfovmlmm mil.* 'In s®a# ©a®©® f©wa«y was 
%w •fimmimg it ia a s»all »olt wfei©li 41«#s 
l-l/S 1» i.iaa«t«r» 
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JteMe, Siret ftlfferemt aolia wer# Foi-
i®».©«.ift mferring t@ »oMg will ¥e'ii&ll«a. 
Kolft !©• Jl, loM S&m B, BM& M6lA 1©, S, • 
flgmr'© I is «. timwiag ©f M©1€ lo. I. fh%B mM wm 
soMiaf :saiipl#s 1-1/S t»®li«s is i»t ttf 
t® 1-3,/f ia Si« a®li. ma® dtastraetsi, 
•©f «t#tl aaft lad. ©liaimels ia J-t whiwh sttaai. 'iwili 
Im rm for heatiag tli® aelt. It was als© fr©vit®4 wltM 
m that wmimT ttmia rm 8t«aa 
mhsmielm to ®@@1 the »03.t« A th#i«@»©t«r, wa« fl.a©<i4 in tli» 
w«il la site ©f tte® *®14 to moMln^ t«Bp«:ratm»®s. 
•fh.® mlMmg t©iip#mtia^s &r» %h» as 
read tm %hw tli#fm©»«t#r tm tMs fosltl#a, Thtm »©lt was msM 
f o r  i s o l A i B #  « a » p l # s  f # r  t f e #  a % » © r t t l © » .  t ® s t 8 . ,  » i .  f e r  
iii^«et sty«igth t®stg m lal#© Imjast 
f«st fceiiia#. 
'two fe«ttw«s ©f tMs a©lt gf#©lal m©stl®B as 
th#y itrnT® nsmlt#!. in a 0OBs4i«rail® savlmg Qt ttae t«rt»g 
IB the fifst pM«e» tli« m## ©f th« ©emtiml flu# 
®&®m .Im tMe Fig«tr« I,. f«»ltt®€ tw© 
8«®fl©s at th« sa»@ tt*# wAmw veiy »«arlf tli» ®a®» mm.» 
is tli# »«eoa4 tto# aaim flwig©!' of tli® a©l& 
w&# as Aom 1» Mgmr# I, s® that all %mt al-®mt 
l.*l/g m. om# tat fitt®ft th® i»is lilo.©!: "r«i7 lo6s#ly, 
Sfeis tff« #f a Xmr^ wm&mt ®f 
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Draif^ing of Moid No. 1 
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remoring ttie saaples aai4 plimger froa the mold bloelfc, 
, Ftgur© II is a pletmr© of Mold lo. 1. 
- Figur# III is a drawiiic Mold lo. 8. fhis mold »ad# 
rectangttl&r' sliaped saaples 8-1/B iaelies x 4-1/2 inehes- i» 
cross B«0tlon amd up to about 1 Im^li i» tlilefeii^as. Thim aolt 
was •as«d to prepare saaples for t©»sil@ strength tests-. 
Mold lo, S W&8 similar in aonstrmetion to Mold lo, E, 
©xeept tliat it mad© reetangalar plat@s 4-1/2 in oh®® z 5-1/E 
inches in cross seotion and "ap to about 1 inoh im thielcntis. 
Presses*. In the prelioinary work a hydraulio press» 
which had beta bmilt in th# Ch#»i©al lagineerimg Dtpartaeat 
shop was ®»ploy@4, fhis press was fitted with a Watson-Stillaan. 
hydraulie -pm^ that was capable of ex®rti»g. pressures mp to 
6000 pomds p®r square inch on a 1-5/S ineh.raa, 
- • In most of th© worlc^ a Qmrr&r laboratory press ©apabl© of 
exerting pressures mp to 20,000 pounds p#r sqaare inch on a 
1-1/4 ineh raa was used, fliis press was protided with two 
©lectrioally heated platens whieh oomld be h#at@d mp t© about 
2g0®C. in order to h«lp heat the oold. Figure IT is a piotmr# 
of th# Car?«r Press, 
.gttma,®e« fhe ©leotrie fomaee used for heating the aold 
in part of the work was an ordinaij Hoskins ©leetrie muffl# 
furnace proTided with a rhtostat. 
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Fig. II 
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Picture of Carver Press 
•tts«t tm w»l^iiig th# s&apl#s for the wst#y a'bae^pfti©® t«sts:. 
fer i»a#t streiMth ttstg, Flgax# f Is a pletiir® ©f 
tlie *etifiet Psig#' lapaet t®Bt ma®Ma© whleh was ms#4 t© 
tetersiB® Imp&et stfength, 
Ifetliots 0f 
Watgy Alsarptlea • 
!ai« wattr a¥s©rp-Moa ttsts merm TWO. M ftlse® S,?7 
ia dlMtet©!" ami a%«mt 0#S «, 1b -ailefaitsa* tast ms 
omt as f©li©wsi A w«i^.«4 saafl© ma iiaerset i» 
tlstilltt water tost g, £4, ?8^ ©ir 144' tomys, At «m4 of 
tfe# A#sii'0& tta® tfe» t«#t pieee ms peaotet, %hm 'itmrfa©# 
ti©lgtm» was wipeA. off with 4 t©wtl.,.. «ttA tli# wail® 
was tiii©W^ wmwmigMi.^ ISi® ImOTsas® ia wei^t At'Titsd Isy 
th® o-rlglaal. weight was reported a.s th© p®y @«at ©f wat®i» 
als©rfee4, |m »©'St «®«s a f®i?lot #f i4 feows ©f iffiM«rsi#a 
w&s us®t. 
Hie i«pa.«t -iit^eEttli was 4et#mim«A ®a tli« «sAifl«i. 
Bftig# lapset f®st .aaehlse shmwm Im Wlgwtw ?# 'fills t®#t was 
aat® @a tls®g i.ff ea» 1» dlaaetej? aa4 &hen% ©•§ ia 
Fig- V 
Picture of Modified Paige Impact 
Test Machine 
- ii . 
aat was ©arrlei otit as f©ll®wsi fh® s»»pl« m® 
pla©#A m » s®l.i4 ste«3. "blaek^ i&tA wa« fiMli' Iby 
a sollft tea®, A pla witt a hmlm^h&riml 01^ w&m pla«®4 m 
tMat tla® TO«i»a©A eat ©m tli® mmter ©f tiit •mmpl®, A 
fiT« k«14 im pla#® l>y ms allewet t@ 
trof aat strik® tli# fi» starting froa % Imeh,' amA imor#a«lag 
Im' 1 ia#i l®tw#«a SE®®®SS1T« , ¥l©ws mtll tto« 'Stafl# 
©r»©l:®t ©r lr©k#. ffa© mtrmgWs, w&® rsperteA a® -th# l»«h«s 
of fall t© Jm®t 'tli# test ®i® ©ajtfteity ©f tl.®' 
Msehime wag M is^hes ©f fall. If tli« sa®flt ftit sot 
fr©B m l>l©w ®f £4 %mehm ©f fall tik® etreiiftfe was reported 
as M ln©li#s «W©t or tk# arailer ©f "bl®w® fro® m 
#f t4 liietoe-s r«fai»4 t© tk# t«8t ii»©« wm@ 
giwm^ 
farlaM#® Imvolt#!. 
ffe© pr#j>-aratl0m of flasti# fr©a »®al 
,aaA fwfaral lafolTtt & large mnater ®f tmria^lei, wa^ of 
whfcfe @toM aot ¥® ®ontr®ll#4 readily. A B^m'ber of tli® 
mmm tM^ortaat vartalles ar« list®4 l«l«w. 
Varlat>l©e lawlTcft in the Br«para.tlom ©f tbe Eeaia©us 
aaterisl 
1.. 0®m®i®trati©» ©f'waA ©eastitm-CTit 
S©m« ©r all of the f#lloifi»g »attrials «f®r« 
ms®4 1» tit# preisratl©!! ©f pl«.«ti®s fr©« 
- S7 -
fwfapal ma bqj'b&m 
a* aeal 
•' h* forfTiral 
t. Ita® 
«# aaaoala 
t* w©&d fl©mr QT mshmsim 
g, phmml 
h, a®lft . 
i * mlm# g.t®amt« 
j« 
k, water 
g» Maaner «t ©f aMimf ©mth ®omstltm#mt 
8, Mlxiag 
a. apparatus «,s«t 
%• tlior«ii#ia«sg ©f aixlEf 
Qm type of Jiixlag •- @©jitiam©m0 or 
4» efftet of puftlel® mim m mixing 
4* Physieal o®a&itl©a «f m&mh tfe® ©©astitmeata 
a, size a»a. kint of soy1i«aa ae&l ms#A 
lb, .sis« ©f filler u.«»t 
S. ©f 
a,» mifiatioa ©f 
til® mass 
^ m ' 
a®tml us«4 
e, TOriatiuB ef a-mrlttg 
the ' 
§• fia# lieati3Qf 
»• tiae ef aft#r at&iaf 
¥• total tlB® of fetatiBf 
l.» IiiT0l"r#4 ia tb« tk# 
*st#rl&l fof SoMlng 
a. typ® #f i.rier mset 
fe. temp®mt"ar« of &.Tylng 
©• tim» ©f itsjlmg i» 
4, tifii# ©f tiyiBg i» ©i#m air 
#. 'tla® «laf»i4. l©tw©e» rem0f»l tmm 
mlrnit miA m&Mng 
bm irtBtimg 
tjpe of fmlv«!ri2e:r msei 
partieXe sl^e of tli« gyoma. reals 
S, MtJdLsg wltfe fllisr sua otM? iagrMlmts 
a# %f# ©f mtxer m#«ft 
b*. tin# of Bixlllg 
$. of aixlBg 
4. ©f #»sley@t 
®. attitiom ©f l"a -^ri©»ts  ^
agists# lif fla8tielE#rs 
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t, -smmm slz® of filler m&i. wmim 
i» farlall#s iH-rolvet la th# Bp®famtl©a of Itelttf 
iaspl® 
1* fyp# ©f »©M «s®& 
Bm Wm&mr of Seating the aoM 
S, fof TOldiag 
a, tmriRtlea la ©f tl® »@14 . 
• 4mriag the perloi. 
Ii. t©»t®r»tT3r« 0f tlie aolA »t tlM® ©f • 
a&Atag th# »af 1# 
^©•' ©f til® &M«A 
to til® bo14 • 
t* ®f tfe# fias'Hi# tmriag 
KoMtH# 'p r^ioft 
4#. fin© «f aoMiiiji' 
a#- tl.»e iaa& rat# of tfe® plastl# 
im the mM 
%. tlm® aaA fat# ®f @©©lla^ tk# ffi®M 
KUltlBg fr«S.SlE2»® 
, a» a#tmal preisms*® ©m tli# molded sample 
!•, mriatioii of pr«®sa» Auriag tb« 
aolAliig p#riot 
€»' Wm^tQTm @h«paot#rJ.s1;i© of tb® m©lAta« 
p@wl«r it««lf-
a» aaomt «Bi %p© of fillsr 
"b,. s#r««» -sis# ©f »0Mi»g 
- so . 
•®«. fe0ffiog®a«lty -of lafe® ae-Mtog pewttjp 
t. preseae® of flastlclzers 
e. fT0s®ii<ie ®f liai^ ealmg ftg€»ts 
f» tres#a©e of luteleamts 
f, 
a» eofititiom ©f the ®0l4 
!• »izt ©f saafle useft 
«. rtiap#'of Mipl® 
fb® tit# »©14©t saafl® mm af£®«t«4 to »©»® 
#xt«at % mil ©f tli« tmriall#® n^atieaea. al©*e. for Wst 
f#siilts ill# ©jtiaptm. #©»&ltlons id ms® t!i# «attr®-
in^eparatiom- of t&® saafle amst to® 4#t«rtti»«t* A sMi^t 
tl.©a.fjf®« tto® ®«»»tltl«as Amrlag mm larfe #f tfe® 
y®#mlt im, & f©©r#r fretmet* it ts 
f«lt tliat tfels 1ms liapp«a#4 im ite»y ©f th,# saaplee »aA« imrl»c 
tMls wmtrn It has %«®a »#€®g.sai^ t© »€l©©t ©ertalm #®m-
iitioaa m4 tfgp t© k®14 th«s# ©#a8t«it Ail® r&rylmg. oa® 
t&imf im ®F4©r to tii® «ff#®t of tbat mriall# #m 
tM® iip©itrti®s ©f tk# fl&sti©* It is lii^ly i»i»te%l# that 
all #f th,® ®e»aitioas s#l#ot©4 w®r# oftiaw f®y eaek 
fai*ti@ml«p iflastit. f«r tMs Teasoa s©m© of tfe# f®smlts 
w®!*® »ot e©2Hilmgiv@» lea-e®» It has ii^©sstfel© 
t© tfmw t©flnite eo»0lusi©ms tmm memimely^ m®|^ tiT# r#salt# 
la siiM« «as«s» All t%at -mm. '%# mmM ttflmitely is tlmt 




Pggmr&tloB of th« resla 
IM# f»0etmr« us©i in frefarim# -tlie rmin. was 
s« »say timm ttat m© oae paroeei-mr# em Tm teserli-ed tkat 
will @©t«r all He iiff«r#2it oettoAs ms.#4 will hm 
tl.# sepajrat# ©f tfee I«s«lts# 
following ^©atifal was ms«tj t&e r«sto 
was.trl«t in «bb own at abotit 6#e mattl it fee#»ia# telttl© 
eaon^ t® fmlT©rls« without iTja^lag:,. Bits msaallj ret^irat 
twt t# amm ftajrs* Aft«r it liai. %eeon# Ai^, mm 
wmtett^ wmw, «a thea 5^"r©rS.g#t tm pass tteem^ 
m. i§ m^'A mmmm^ 'fii% f<jwa.#r«4 mstn was »l»t wlth.filltr -
¥y twafelliig' the'filler ««i4 resis together in a tell alll. 
.Jfe#.f|i«Rtl|' hemaatfejleaetetmslii®, g:l»© gte»j?mt«., or 
ms at4«t to tM- ttoMiiig powter st tMs folat-, Im a©®# 
•m&mB tM» was m»®t |mst as it 'aaa# f^m tfe© Isll 
mill# • lE a tmw ©ases, 'hmt&rmr^ preforms wme »mt© "by fress-
Img tlh# 4*^ f-owaer to. a «tll a©14 at m&m t«»f»mtiir« tt 
f©fa «all wMsto. 0«ml4 1« ty©fp«t iat® tli® #@14*. 
mis fa«llitateft temtliag, «s]pe@itlly A.«ii tli® mM wmm ^et 
- 62 "• 
at til# tia« ©f the, sa®pl®, 
of th« flmitfietl artielgs i» the a^M 
til® f©ll®wl»g ii©Mtag pi?©0@tiire® wei-# ms#4 ia 
pr#faimtlon of tli# ®ol4«4 saafle®; 
lolAim^ 'pi'0®etuye Io> 1> 'fhe fowl«?®4 smaflts mm 
placet im tb© »ol4 wMle li®tb th# aoM aaS. th# wert 
mt reoii the »«M pla©«4 1». -illi© :far«ss 'iHtti 
t&« -Atsir#!. f3f«sattr« it®«a wmm rm, tkreti^ thm 
«&ami«ls Im tli« Mslt tow a <i#rtaia t#ri0t of tta® mm&m 
0f a e©a»®#tioa ©f ®©pper later was tfem ^us 
tlir©mgli st«« eiiaaaela to. @#©1 ihe aoM to mhQut €i®il 
rm&vimg %Me »msplm» 
The time rB&mA&i. for the- msfles usimg tM« 
was ill# tiiae trm the Imitlal ataissloa #t st#aa 
mtil @o©liiig water was ms. int© th# *#14, ^6 fr«asmre 
^e0o:»€.®t was tli# aetiml pressmre apfliet to tlie »oli®a. 
saapl#,. Th# traipemtTir# r«o©rd»t wag the aaxia'aa tenpem-^ 
far® %j tM tlisraoiieter i» the sia.0 of tlie TOlt» 
syaoai.mr# gft* g.« fbi® fyttsdwr# was alfflilsi*' 
t0 lo. 1 with tk# f©ll®wl«g lastead of mstng 
0t»ml tm toatlag tht a©lA, fomr .Fii^ sr Tmsmtrs w©3?« plfte-«t 
s#. tfemt their Aif-eet flames iii©» tjfee tmwe attt®® 
of the a©M» a® «#!& was hssteft t© a 
th« tk® mkm% ®£f,, a®, »lt was allewtft 
t© Mitalm ia th# f,3?ess wfeil© still a #e^ata f«rio4 
- -
seollng water wm mn tat© it. ^©ams® ef th« 'mpii 
r»t® ®,f heating witli th« fi®Mr the ttoermoast® ,^. 
wfelefa wa® fif®a m© aii»«@t fliwi#® % aa its%«st®s 
atoiiM, 3.a^«i th® e# th® »#M 
»s «©li as i t# £0®# at tli® tttt# th« %«Ha«rs i»«r« efeat 
#ff. Srr®ml jr®adiag® w«» tmk®a» a© fi^ st 
f^fii.rt®t im t&® taM®s f©!' the »6a]pl©s aalttt 
mslag tfei® tfc® t®af€»tmi»« at wMiA th@ 
w®r@ ^mt ©ff. ®i® s«@owS. t©«p®3patttr# ms tfc® -wtigtfflaa 
twpewtiar® ]?®gist«ret ly %hm 'l®i®»©»«t«i' tmrint th»- «©14tn« 
pe3Pl®t« Si® it0l4taf tla® r®®oi€®& tm tMs wmB tfci® 
tla® tmm s&mttlag feiomeffs «atll ®®ollag mmtm was 
mm l»t® tl.® wj'1.4* lem«@, it sM©«ld lb® ."botme 1» tliat 
tker® was a hestlag @f 4 i »iamt@s 
was s®t ^«port®A is tli®' aolftiug tl«@* 
MflMiim S@* B» In tlii® fr®@(^ «r® th@ tl«.t®n« 
flae®t m. tfe® lr®aa amt w®y« h«at®a to 
igO®C t© s llO volt A.C. lla®* ^® 
o©M wm fl&®®4 iB & li©t «l«@tri® mmffl® twmmm m® 
h«ate4 t« a ®®rtai» f3?«t«t®xm.ia«4 t®»t®j^ tmr® 
t# r«-®orti^  & tli®»0M®t©r im thm well ©f tk® 
a@M, fb® M®t .»®li.- wa® r®a®T»4 tmm %hm twrnrnm ly »»»« 
a«%««t®« «l©T«s, th« »ii^ l®s w®m ia««rt®4 m m 
til® ^1# was sl&@«4 is tto pmm . 
l«tw®m tai® tot ilateas. &m Amiv  ^ fr#ss«r@ mas aiill@4 
mi. the mmplms were itllO'W®4 te r#«tm in 1^® liot atlt fer 
• 64 
swinml #®©jLiiig w&teit ms Tm imto it-* M%mt 
til# _.»®M t© al^ mt .S©®# im tee pr«ss, the pres:»mr# «b it 
»8 wts,r®»>-r«4 trm hQ% plat»a« 
#©©li»«. tmrmmrn- M tk® tis« -wttk 
tMs, j»««Aa3e#, -imttiftl tia® ms tmfc« &t tfe« «e»«t 
tk# Jfigll prsswif# *:S t@ tli« ®mi1# aai. th« ti»al 
tis« mtsr ms into the ®sld.» 
timf«•»%»«» wtire f®ir tk# .sw»]^ i#s'If fife» 
fl«t «#" ms t&# t«i^ €2mt*»» t© which th# *oM 
was .waofiag it trnm 'tii# ftiaraft®®# ft-# 8«#oat 
tsi^ wsf-wp-K r^ -tojfttt- 1W.8 m$admm 
-aftiBr it hi^ - %«« rtplaeed in w&M 
l»-s©ytiaf, 
•» 65 
the l©si» ta th«' 
3%-Rf« 
1, inmkaf ©f w®3r# rm %e -t#-
If it «a® p-oss:t%l0 t© a »tisfs@4©-iy flsstl© 
from s#y%«i«s» •«&€ j^ ea©!,.# ffe® «oafogltlom« 
ie&tiag tiaeg of seveml %at^ #s is these 
&p# shew 1« f»M« f • 
fllSS ? 
^ora^ositioa .Mt4 Imting fl»®® of Jfetehe® 
. - • JL t^o ll 
s Si^ 'b-#«3ii, I" • t~ 1 w3tm* 
latAs Mtal Ma« " 1®« t 1 Ites. %ts« i§&|Qg)g:i co.jia&iy t 
1 m- 14 t s.i x /s  i*i/t 
i m E4 t:.S i 1 s 
» m .gg . M 1 t i . a 
4 « m i s g 4 
S i2 37,5 ®8«1 § 4-1/i 
s at B5.1 i i 1-1/4 4 
f m B7.4 t©.i s s 1-1/4 s 
©* M m E4 I © 1/2 $ 
§• m $2 m 1 i S/1 s 
m* St is m 1 § "1 S-3/4 11* IS St m s 1 S-l/t 
• @®» ef water soai. S -e@» #f 9thsml m-em atiei t© 
©mall ®f tt#se 'batches. 
mi. »»«t« w«if@ 
•»i»t t©g©tfeii' tm. a m& to®at«t f#* a -©ftytalB f«]ploa.», 
l&is l8 lls'l#4 tn fAll« f &S til# lbla«'"# 
li*©, a»l ®tk©r m«#t w®*'# 
thm stirrtt t«to this iil3rt«r« goat 3p,.s% w&m. fo»«t 
was for trmm tw# te t&m 'ii^ A feonys# 
'Sie tat&l hmt%&$ tia# r«in0:ift@4 ,ta fall# ? ^mmm tliis 
f#Fi©4 til# fi'#li*iMafy iimtiiEig tim* &« #o»-
t»lat»g pla#tl# »at«rlal w«r© ly fl»si»g tli«» la-
a 9t ImiXimg wat#?. At lat#rr&li Aurlnf tii# k#atla  ^
f#riol. tlie .«at#i*tal wmm mmmeA. frm t%M mA ai.ac«t 
Ijy fas slag it mmn0, m f©'©t Barlsf •&© ««fly 
stag#® tli« 3iftt»rtal mm fait® %mt as 
It %«•©&»• stiffer aa4 karttr t@ -mix, 4t mm mwA 
of til® 1 t^ « mss was ila##i. im m &rm fc®14 
at m tmwewmtwte ®f 
kt%%t i-i^ riag -stftifsj. Ife# ms h.m  ^
waA %irtttl« mA «ouia Tm pmlv«ris#t. Is mm 
mill* iow4«r ©¥taim®4 tMm sill was mi,ai#t 
with m w#i^ t #f 40 b#A «oft fl@w filler .aat m%m.% 
t&m' t« 'twit #f li®3MB®*lyli«#t«t»ialae CM»«t e» «i« 
©f' ^®for# It w»s a©li#t, 
. MeMtmg K©14 1®# 1 was ms«i» imt &m.ly mm 
gsi^ l# wm a®14«i st a tl»«» f^el4ti!Nf srm-isi.nm *©. I was 
- m -
m»«t. tmm ®f the mli. w@r« witU 
®lti© mM 0.r s-fe««l©- &mM t© fr®Teat stisMmg.. 
leMisg- tl®te aai rtsmlts #f tmets om mt sa*fl#» #f 
1 t© 11,. »r« ^©wi. la fa%l« fl.» 
irr Vi. 
lata amt i#smlts of f«st» &t 
1 to 11 
- «  ^ lugj airoRgtJit-  ^ ~ • ' 
.iM0lfting:Moiaing: wr-mm s" fall . 
&t@lis f«if« : Time : iTjs,,/ :to breal:: i 
f t -MAjt» tst* ia«iAir#g&ai- f.i hrs* t, 14 Isrg* 
1 IS# 1© iO^ s 
lit m 6000 f 
i ISO m 6000 f-BM 
4 ISO m toot S-l/t 
i xm t«is soot s 
6 im i§ i©0© !• 
f liS' f-14 fiOOO If-t/S i$.» tf..f 
i IS® •8»»0CS iooo 4 ii.,i if .4 
f 1S§ 10-» too© i ii„t. @i,f 
10 li4 10>»"^0 «00 « IM m.z 
11 1S4 S-1© «000 f-i/i li,4 ita 
• tk^m sasBil## asAt with. fill@^» 
a« •wmmltm ©r• the streagtM tests ma 
thm s«fl«s fr« thes® mm- gfe®«i Im fftfel© fl» 
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aal sak# 1% ,». • th'e p@r0«tag© of flllti'-'ms«t 
exei't a •pS'Qfe-aiii. inffc^ae# m the ®r©p«rtl#s .tfe# ii©M®i 
•sftsfj.#®. a# f#ll#wlBg was ©mt t© 4«» 
t«riilB€ m« #f vari^ ms ©f i^l.3.« mf©m 
liil«#t stWHgtli »»i a%s#.rftl©s of 
•!at wmim ms«i i» t&es® saafles was «4® ia, -tti# f©ll#wiag 
mam#rs 
!illrty"tw® gtmas ®f farffflral# .f»a» 
«»A of a*0ai» l^ r©*lft® w^m 
ia a %^Bk&T mi. tm me hmj* tb» 
tm ft lat& of water* Out ©f sai 
^aas of 1§0 »#-A »y¥©«i mQ&l wm% thrift a4t©&* 
fkm mmliimg. fssty a«,s# «s Mattt t^ r f®«r aaA 
tomrs ia tfet w«.t«r l&tM,, the ef tfe# 'sass 4m tfe« 
was nmmt t© t© ii®0» Itei® »MS was r«»©iF  ^ fF#» 
"©If! f©mr t,l»®8 tmrlaf tfe« hm%%Mg aai iila»i 
is m 
fw«atf «£ memmtmt mmm mts m©ii#i!€ii^  t# wm 
,f»#@tar#. ,®k® fiifst t«B w#y# ai»t t©g«tli#i» 
t« f#i® Sfeftlfc. 3J:, sat tit# last tea te t&m lattk 1S« 
a« s«i^ ®sitlona ®f th® mmplm mA® frm Wtme Mtohm 
«r« giirm'ia faM« fl't# »>14lag tro«®tmre I®* I was m»«4 la 
pmpmmtion #f »ol4ii^ ' tiai mm& wmm. 
%m miimtm mM tit® ,a#14iag ubM. nmm MWQ lis. i«r 
«tmr« lm&h» Thm mmimm, ©f %^m asl& ms «.%©mt 
ltO«liS^€, 01#i@ a©it was t© th# »®lt. fkrmm  ^
- fO -
saaplts ©f m&h wer« aolitt.*- fw© o? tints# sa»tl#s 
w«ipe ms#4 tm tii# -ijifaet stpemgth. tli# fh.t:r4 w&g 
ais#4 for tli# wmtm  ^ teat* 
ffe®: I't-TOlts ®f t®rts nia em tl® mm l^m Qt 11 
a»t li m& alsQ' ^e«s ia fa l^© ?II. 0-mvm tmm tte#» 
tata, »» gfedi® 1» Jlgafts fl aa4 fll^ . 
mK® fll 
tkm Iffect of W©#€ ti,®** filler ©a tM Br@f©ytl®8 
of the FttKfmrmi-Seylteim-tkOTOl fl&ati# 
J T I • 
•s S«yl#a»:f tAver&g© 1, fat«r Ahi 
mmflei .fteula t P :Stren<ith " $ B MTMm i E m Srs. 
to# 1 # , 1 WilXm f {fall to %rti to # i J 0 
lS-1 100 0.0 l.i 4.I. IS.f 
12-2 91 9.0 f 4.1 
lg-3 St«i 16.5 i §a lg.4 -
12-4 ff*l 22.f i.S i.I 17 •! 
lS-5 fi.i • 88.4 10 4,f If.t 
12-6 SS.l t..§ •«..4 il.O 
l£-7 6S.f 37.3 li i.4 M.f 
IB-i 59.0 41.0 is.a f.O g.S.4 
18»§ • §6.8 44.2 lg.5 . 1E.0 . if.® 
ii-i§ ig.S 47.g 14 f.6 as.4 • 
li-i 50.2 4i.f li •f.i S7.1 
is-t 47,9 SI.1 • if.i i.f it.o 
ii-3 45.? 'S4.i li i.f E5.5 
11-4  ^ 4S.8 56.E 15.5 11, s 
11-# 41,9 §8.1 15.5 • S.i m..$ 
13,6 40,3 59.7 17 S.f ii.*4 
13,7 38.7 61.S 16.0 ?..€ , m*§ 
13.8 36.0 64.0 15.S li.f 4f., f . 
» graa of li«»a«ttoyl«a®t«trMia® «s «14«t to tb# 
a¥o^« aaterials to #&#% SO grams of resin# 

J •{Jpp \ t/p //, 
m -
Am ©m. sten frm ?I» tli# flastt© 
wltiismt fill#?- wm r9Tj w®A. stAltf^ a' ©f »ia# f#r #e»t 
fi3Ll«r *$.y« t%m strwgti. ®f tli® pjaatl#. 
As tl,« #.f flllei' w&s tmm aim# t© fifty 
f#f #eftt til® sti?#aftl im#r#aa#t fr©f#]etl#a«,t«l^ ..' fttk a®i?# 
l&Kft ftftf ftr @©at ©f f.Hl©r tl# strei^ th ###1184 t« t#®i»©«ii® 
sli^ tly# fl# isa«e»ft^  #f the i^ a#t, teste aak®# It 
t<j tak® tk® m^Kim f^ lmt ©f tte emrr® a® tfe« 
#ptiM» ©t S©w#wr, t&i® mtm &©tg A#w 
tliat' tM' WE.t®ri.al ^©alft -t^ ataim at l#ast forty-five pew ®mt 
•@f filltf ia #rt«r t©- wtk® tfes str^ i^ fist po'sslfel®* 
fli« w&tmT &is®i^ tioii «f tfe© .8«afl#s are- tl®tt«t im 
Flgm^# fII mf&l»st tit® f#r ®mt of flll#y freg«»t 1»' t^ « 
saafi®. Q&m I mhm&- tfe® water alse^pftien &ft«:r tw© 'feomrs 
waft Ottrv® II AmB tli# wat®2? et tli© emm 
aft»y tir«m" .^-.f®«  ^.fe©.«r» ®f 4s mm 1i# s##a trm 
th® mrfmt %h» w&t«r afcs®.i?fti®a l@tli im two sat ia 
tweiity-f©ii«p lt©mr@ .tn@3r«a«#t with m. Im th@ ie-r««at* 
0f flllef «iiil©y#t la tBi« fi-eiaratlom «t tli« 
fhi© fe^#®Mt^ ,®- &f mt«y &%»oyte@t &lg® l»tr@a8#t with. •«» 
la«r«as« i». th® time #f iMBerstem f©r ®&®& i«r«emtag« ©f 
filler ms«t* Althm  ^mmM ©f t&.# absorbed less 
wat»i* tka» tfe« safflpl«s reporttt ia tk« firoliaiaai^  
a@ats« tfe  ^««!» «tilX far fr@» s®ti-i^ a,#t©?j is tkis 
« -
.gto #f rmwlm: the mTmmtme ef m%m%m titles 
4s¥®st©a is m% •tte mmm filltr® w#t Ib tti® ir#* 
fa»tl©a ®f pi«tti« protmsts*. It is teom tliat ia g®a#ra3. tfe# 
m«« «f as ft®l«stos filler «tv#s a that is mm^m* 
ststwt t© the' a«ti©» «f mt«3r tkaa stiill» f?#ttttts a&i.# 
with w©qA fSlldr.' A® t!i« w®#A flomr 4ii a«t 
flT® a wat'tr jftstst^t p:3A#ti© with tfe# fwficrftl-»g®yl@«-
lhea©l ^eaiii^. It was tesiraW# t# 4«t«r»lmt #ff#®t ©-f 
«,i%#st@t fill#? ©:« tJie fir©p®rfei«s. @f tfeis plssti®# 
. fm #00 m* #«®li mmiminimg 150 
 ^pkem#l# If4 giis, 0f^ farf«m3L, 40 e«. -ef «©m-
«©Bt»t-«t l^tr©xit©,. wme iie«t«t is a latfe ©f 
Itiiiat mttr fer o»# hmr* dmtmt# ©f tw« 
we» t#e«tii«y at th® eat ©f tl# beatiaf i»ri©t» 
?lfty-»-»tx g»a f#ni®as #f this *lxtay# ««» «a#& ai'»t 
wftti thly%-two of m® a#^ sejleaa atal airt 
«# ^aa- ©f li*® Im Mafe©!-#, fit®®® "feealiers w#r® jla©«t la 
• a "b&tk of water s»4 li©mt«t Mr femr oat-lialf 
h&mtm^rn' f«a MtA«s ©f aaterlml aiA# mat aixtA t@f#tfe©r 
t@ f©» &.t@li M. 
A «f saapl«s «tjBt&iaimf ilfftrt»t f»r««tit|re» 
mt as%#stos fiU,er wem itolAeA* mmpmitloM of tH®-
sa®fl®s .«©l&-«4 mm Bk§m, in fall# fill* ItMiag 
!©• 1 was ms«t* ffe® g«,iiil«s wem mM^i. for tm mimim at 
m pmssmre ©f SW !!«• per sg., t». aat a temp#imt«p« of 
- ?i -
•, • -fh® fHl«r ms®4 was a mmmmi.*! 
gm&® 0f aslestus @f th# tTf# mset f©r 
fatt» fill mlmm ^®ws tfe® r@gmlts rm. #» 
jia*fl©« &t "MMqU M«. figttr#® fill «iiA IX ir«r® fBta 
tb#s# taf«« M Wlgmm fill th® Is 
&« th# Tersm# tlit- -pBr -mnf .ht filler ms#t 
ta t&# as th® • In Fl,ipir« IX tit &mt 
of water a^ssi-teA ly t&e ia »» the ortlm&t# 
tli» p«r #f asMsrl®® tillm «s®a as tk# »%-to1s®&* 
SMpi#® w«if® Mai,® tmm- the »#!» ®f ttile imi&mh, msiag 
w©©4 fl««r ftllsp t© tli« i-ssml-ts of l^ t©li«s it sM 
ii, fli#s# #!•© als© 4b ftgafes fill. 
- fs • 
mis fill 
lyai of f®sts ©» .Siwpl#® ©f 
mtm u 
t 1 i tATerag® s 
Sinifl«t oftQag.* #f t # sSty@a«tlit# Wat®i' i.lisor'otiSB 
i©< s]Plasti@iAsl«st©sffill«ri la* Areus S s E4 ars. 
14-i m 0 § 1 6.ao It .Si 
M*Z m 10 ii»f » 4.4$ if.ii ' 
M-i m • t# ss,.$ i 4.-i§ l$»4f 
M,4 if SO i8..s i s,,» is»ii 
14, i m 40 44.i f s,#s • If^ sg 
M.i m • m- S&.§ t f,i4 • If..ts 
14.f m m S4,i S,6 i0»if^  »f.4f 
M-S m fO -iS.S. f.S i.Ql If.ii 
14-f m io «l«i «•§ S,4i. If.IS 
M-10 m' m 64.t S 2i*il 
14-11 •• s# mo SS.f § 
14.-lg . 5-0. : gO#f•!. iO.O li..S f,.Sl 4t,0® 
14-lf SO ii-i M 
14*14 m ua li 
»* hwm «4t«t i© S0 g»s*- ©f iresim.. 





Qmr® 2 .^ Fi.gar# fill is f®r tt# 
®-@3.4«t wi.m fil.l«v«, Wr&m tlii® #iirr# it ®aa %® smm. 
th&t &t tli-t witii am 
ta p.#r#«»tag« &t a.9^#.»t9® ^a«t mf t# m%m%: 
«1.® f®r ®®»t ©xii at4iti©a &f m&r^  tkfaa a%#mt 
fil,»f f@r ««ftt tr©A'a«»A. a &«»#»»#• i» strerngtli..;. 
Cmrf« II ^@ws tit® atreagth «f &« »t« 
wit^  w#©4 flimir f3i#s# saafles mm ImMmr miA 
tm^mr mkm. "wbae mlth asMst©# 1B^«y -^faiJ  ^
a^mt 'twt®s t&@ hei0.% ®f fftll tM wtl^ t t% wm^ them 
. tte.t was memmm&tj f©r t&« ©#fr#sf«4t3if sgM»t©s fillet 
e«r?» I ®f Wigme IX sli#irs tlie «»%@r mf th& 
asMstts flll#t ®i«fl0s tw® &®mys «4 II 
•|w«B.ty-f®» .Itews ©f iM@rBloa* • Althem  ^ ifct imta 
mmmA&t «amti« it »fp®srs that, thm w&tm a%g#?tti®a i« 
«ls#et tf t&# @#at #f a«l«gt®s iritMls-
tfe® liaits '^ Is w&® tli® fa®"! 
t&at ®®mtid»ii^  f««- # t® il.».S f#ip s#a% ©f as^#®t@# 
fill®!' alfiofi-eft a%®mt S t«3? m&t of in t» Itews. 
§al^  ®a» ms m®«4 tQT tfe# iw.f#r afestiPiti^ a t#st® f®i? 
«ae& f#.y««ataf® ®f fill#? mA it is tkat i«fty aoMi»g 
«3q|l«dias atfctiif&eteflly 1;li» mimes «Mmim«t in 
»»«• of s®^I«s* f&®s« tit^ *0% :mmll mm »«& 
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MQlttiayg ' KoMi^  fro t^ture Ho. 1 ms tts#a. 
1». til# of .tfet ®aapl®s fr« these hatthes. ft# 
w?« «#M©i for t@a ainmt««' mier a presa*»« ©f 
too® 5#mftg eat at a #f sl®at 
IX, aaiows the @©»f#sl%l©B «aft i?®s5ilts of t®»t 
WW& m :t&# mm l^m  ^ trm. th,ea» Figure X w«» pl©tt®t 
•ff©® t%m» iata., •&©: wat#!- a¥sei^ tl©s of the saajl#® ia ... 
-©eat Is f,l.©tt«t M thm 'mwmm th« ^a»s, @f 
stf'beMi »««1 as the ahscissa. 
lnW® IX it @aa %« a#.#® that th® 
iita?«gth i««i?#as«A sli^ tli^  a» th® p@'r®®»ta«e ®f fli#a©l &da,®t 
t® the flasti® %at®!i 
fh© »ar¥«s ©f Fl.^ ttp# X -gh®* th® r@«lts ®f th«' wat«r 
®.%s©3pftioa t@sts Tm ©a th# ®eii#l«s #f .ltet©h«0 IS t® 
ittrr«s I salt II Am th# mtsr afcsoi^ tisai ,©f tlt« siu .^l«s aft#!* 
tw® h#ws @f twiersi«a ast 0mi*ir«.s 11,1. ima If .gfew th® mt®r 
sl>s®fpti©m aft®:r tw«a%-f@mr of i»#rsi®a. tarrt« J wt 
III ai^  tm .sMples wlthsmt filler,, aat imw#8 .11 a®t |? mtm 
fm wm& tl&m ftll@€ sftapl#®* 'Si#s# @«nr«a all -s«#* t© 
that siwpl®® «a4® trm s rmln with @©ateat 
%«twe®m tw«Bty asd thirty ®Pani» of th«a©l p«,f 'B$ ga^«s et 
ii®al A©iilt iriUid«ai wtsir a%s#i^ ti» 
In %<& 4#t®.Mslm« fh®s.ol mmtmat 
f« aiaiam »t«y »ls#i^ ti#iit m&th.»w mewimm of %st@li#s wa# 
• 8S •» 
fmm iz 
•50^««itloa© attt .Sasmlt# ®f f#sts oa tfe« S«afi«» 
#f &,t.efes 15 to If • 
. 'I f , I Average i • ' 
Sampl® t^ a» s j i w&ter A'bsoTOtiQa # 
le, i.aegiBsyiXlersiagheg fall? g hyg. i 
1§'»1 S0 gO' l^i is.as $€,m 
16-1 I© SO IS i.fS m^m 
If-l , • to 20 14 -ii.it mm. 
18-1 • m 20 IS mm . ss.if 
lf-1 2q g§ lit set ia 'aelt 
lS--t It 0 f . t i  mm 
16-t M 0 2S.14 
If-t 12 ® «.62- M,:Sf 
1®*« • M § • ?..«s 
19-1 IE § i^t ast larft#a la «tit 
«ai.» ttat eofttalset gS#..i4, ii»i. 28 t«f-
Si -gmmm ©f ®@f to«aa a'ml.. 
frsgttw# meet ta l^ai# f^ psimti&a mf MtAwm IS 
te. If *&© ®*fl©y#t witk t^ ss# •&» 
t@sts em ®i« 8aai>l«s ©f tlies® lateh®® mr# sli®i® i» &M® .X. 
Bi«aag8i»> ®fc©- ;r«siilt.s ©f tht t#at» sli-swi Im falil« 
X that *ial®w mtep m% m 
•phmml -©©at^ t #f ato©mt tS 88 ©f a0 -^¥««» 
B®al« -fh® 8«il»:s still & ira#Ji«r- p«r«eat^ r# 
#f w@F# iw®ll«a aat tls#©l©y«t & fw 

— . 84 "• 
feomr# of iaa®r#loa ia w&ier* 
mil,! 2 
lestalts ©f lasts m Sm^pl»m &t SO t® Si 
mq* t.Fliettoli Itgin 1 Pillar t E hmx^m s '84 ii:O-a3?0 
g0«l gg 100 0 iaf I8.ii 
gl-1 100 0 5.ti ii^ of 
it-1 Si 100 0 g.:S4 if.f® 
if-1 2S 100 0 8.S5 £0.10 
tO-2 • IS §0 iO fl.« ss.to 
El*'®' S4 m iO gl.gf ff»60 
S8-g m so- SO ' i5.a SS.fO 
IS.E m so m IS..26 Sf.fO 
fitg of ..mCTiRg til# Bmhmm m&X mA fmrfwml mmtmt 
of tlit r#gto 
w®r« *at® ©f th©- @ff@st f^ vailing tM 
mmX mmtmt mi. tlie t&rfwtml mmtemt* fhme atmti#s wmm 
m@A0 all oth#if fm&t&rs while rmry'img 
th# f«yr:te'a3l ©r tli© »siy¥®aii ©outsat* Shte r«salt» 
wer-© «a?rati« «Bd It was imp0'ssi"bl« te draw Aeflait® 
0&melnBim» trm tlim. ¥#*%#!• s«wfl#s wert a l^fted froa 
m msinimAe tmm the tQllmimg pr&portims of 
»a%«Tlslsi M grmmm ©f aeal#, BB gptmmm #f furfipralg 
&n4 S4 &t th«a0l., ®i# s«pl«,s a^s«rl#t s© -ameb 
watw that it was ©Tltent th&t a better «©tho-A of proim#ing 
- 85 -
tl€ mmlm mmt 1# ieT^lopet before i-eally tt-flmlte @oa* 
@lm»l.©as «®mlt fif®©h#i frm this stuA^. 
fh.e mftmt of wmrs-lnm ttie tgEnaemtmrt smd time ef toatlnis 
fr#Ti0ma siaples rtiofttA la tiiim tM@sis wer® smAm 
hy beating' thm aatepial f©r a a^rtaia p®rt«A ®f tl»® at 
am artltturily <^6aea Sinm It A»siraM® 
t© taiow tli« iof tiff©r®»t lieatlmg aiA, 
lengths of ti»« @f liestlE^,, stmAits of thmm rmi&'blmm wti?#: 
Flft«ea toa.teli»« ©f aatarlal w®r« 
m.m mt« fi?©® ^aas of ««2.» tw© sm& six-
t«tlis grsas ©f li«®, moA slsstf^ graaa ©f a ai3ttiar« aat« by 
areflnxia^ 144 ©f ph«aol, lf0 gr»s of furfmral, mA 
W «e# #f e©m#®trat«4 liytroxtt# for ®»® lie«3r» 
^©sla wa.s' fr«tai'#a. in ti© e@« t» a 
%att ©f Mlllms wat#:p, ©f &®t «£!• Si«- fesat-ite  ^
tmr«, ti®# of h.tati»g, ss4 tfe.» I'sirolts ©f t#sts ©a tiies© 
,Cemll^  t^eli«s 8S t© if) &r@ sM®« Im f»W® XI• 
Moiitmg i?r#ogtmr®» Sie r#sl» was frcraaA to pass a 100 
aesfe aermm «sA aiX'St wltli m& «to^l of 4S a®sli woo4 
flottr filler. t© tli« «xt-«at #f 4 p#f 
e©at of th® w«igtet #f tfe# ^sla m» als# aAtet t© tto© 
fwA#? ¥«f©yt m&Mimg* -smi^ les *«!•# a®li«t fm 10 
aster ®<500 llss# per l»#h prtssmr# at a aoll. 
Qt m%mt 1S0«C, ttsltiag ir#©©4isrt I©. 1 w»® ms®&* 
• « S€ . 
mati XI, 
Es&tiiig &t 
T9BtB o» 3«sfl.«s Of lat©fe«s. Bi M 
— —I '" |  ^ "" 
mttav'&m&i. t Wat«r Aljseiritlda 
t f@r cent 
lQ» iBatli ®C I Homys.?ail s S temrs s B4 lio-aarg 
24 ff • 1 IS i4.on • 
gi .ft Z 14 lS«gi t©.iO 
t§ ft i 1$ 10*01 lis'.g0 
ft 4 IZ IS,, it m*m 
gi ft • S I® f.41 m,m 
St it§ 1 11 - s,gf lf,»§0 
to im Z M g.l® 14.f© 
m IMO i 16 lg»0O 
m mo 4 . 14 i.«4S if.ti 
m lEO i li i.S4 ia»oo 
m 140 1 14 §•14* ,14.0 
§§• 140 g 14 •-
m MO .s li »•€» li.i 
m MO 4 If i.2» • 
m 140 ft - 1§ EO,.l* jK 
» ^®s® saaties w«mt to pi©®®e. 
* Av«rBge &f 
- 8f -
Siseiiaslon; -fehe restalts nhQwa. In fmht® XI It ©aa 
%% mm tkmii Wt» ©f 8®i®ti#g m.s net gprntlf 
til# tiff Iff tat MmgtUn heatiag 'tiMt &t tli« 
ttffereat &#atlag t®ap#ratiii»s «iiploy#fi. f&e fisTOlts €©• la-
4i©®t® a alight Inertase la str«!»eth wltli t» la«f®as© ia th# 
of h®atl«g» 
• 'The rtatmf of lafelie® S4 t© Sf w#» lieateA in a water 
latfe at s. of s i^>"a.t f9®0, ffe-.® s«ttpl«s noltei. 
from tli«s© w©f# mam wat#r reslstimt th# laager tli# 
resin ms fe#st#t %«f©r« aoltlmg* 
fh« r©s4as of »it®li#s gf t© 34 wiir®- im as #tl 
Imtl fa«M at a teiii»»ti2r# of &l>omt, ISG®'©. the smupl-#® 
a©lt®t fr©a tl#-8© aat#rials wem aor« w&t«r r®si»tmat ttoaa 
a»y that iLaA l«ea aat®, pretieusl^ , fb«y a¥8orli«4 a*b.omt S 
pm ©#at ©f wat»r Im B Ji-o^s as cottfRrst with §•4 per ««st 
for t&«- fee«t siMfl® of I».t«h. ST, As' tlh« f«r © t^ of wat«r 
s#ta#A t© %-t fmsti sally laa.®s®»€.®iit of tk® tlat 
©f ktatia® tfe# r«sia,» it #«a tlist th© impr©*?®-
aeot i» mter r®slstaae@ was toe to tfc« 4misr@ast im tl© 
t©ffii®rat«r# #f lk#atlaf p»slm %«f©rt' mQMimg* 
'Mtehmm M t® Sf» iaelmslTe, were fc®at#4 !» aa ®il ¥&th 
fetlt at M#0« fli« wat©r als-orftloa t«st.s m mmmpXmB trmm 
tii«s« 1»t®toE#s »r# mrmmse of tw© sifflflts., Smflinat# 
4.tffer«t Im water &ls®rftl«ii ly && amoM as gi per 
®#»t# .M#st mt tli«»® «aapl®a w«mt t# pte#«8 oa iiia®rsi#». i» 
water for M liomrs* fli» »t«ri-sllm4 a sli^ t te»t ®t©r. 
- 8f -
It Is ¥«lirrs4 ttet tk# ©rratie rtialts o%tmia®4 w%m tme 
te tl® f&®t that th# Bitt«rta|.i faai !>««» Matet t« t«© M#i 
a t««p«ratw» Amrlag tk« pr#taratifia ©f tfe« r«stn» 
Si# #f rests St ea©li t®^#3?»tmi'® Qf Meati»g, 
Im lat«li®& M t© fS iBsreas^A with m. Imers&s® i» 
til# t4«t' ©f Ii©atii^ « As th# r®»mlts shm a sllg&t l»®if@as# 
1» «ty©a#th anft m slt^ t t#©r«as« ia wmtm afesenttem wt^  
til© Jl©af«3r Iktfttlmg tt»«s» it w&s ©@ii©lttl#4 that tit# «at«i&l 
sb©mift le li#at'«4 fox* fomr to mix feowrs mstiig a l»tli 
- 8f -
SiBall ®f Seyli«,a3a Plasties 
%,leeais of aa Ir©a Gm^m 
a© m-mimm $f &t#iies 1 SS w©« fy«far©t tm wrmm 
it wm» laf©ssil?l# t® bIse th© aat«<piftl 
tbe hmtimg periot 'becsms'© it was t©*i^  
8tm@l t© tl4@ siisa ©f th# l®«k®rs* fliii »t® It i*p®-®silil# 
t© o t^ftia a •mif&m tenfemtmy® tli®- aass ml@s« 
sa&ll hmkmrs w#r@ m® fo^atity ©f »t#rla3. tMftt 
@0ml4 aat# ta ©«,€  ^ %«afeer ms s© sa&ll that a limits 
smi«? &f sMfl#s ©©mlA fro® latito. lei?®-
©wi*# til® as® ©f wssels was mfiealrail® 0i»«» tills 
y«SQlt#4 i« m mmmt&emme. xmb of lb# 
T&f vafsi'lsati#!!* Vmr rtasans it was t© 
r«sttlt8» !#»©#»_ a mm »etfe@4 ©f f^ ®-
|i«Krl3ig tli# r«sla was lii^ ly teslfall#. • A@®ea i^iigly, a® 
iy®a e##k#r img aat© ms«i. ia tfe« pr^paratiem of -&» 'resim® 
ia tMs s«@tl©», 
fills ©tsksr was »a4« trm a #«wm .iatfc Itngtfe ®f femi' 
lii©k stiBtaM %r&m A flat flat® ms w«l,4©A^ @& mm 
«»t to f®-» tli« %®tt#« a»4 a pif# was s®r«iret m tto« 
©tfe»r «nt t© f®ra tli# t©f ©f fli« Hi® iiia:ft ©f a 
P&441# ®tlrr«3r was allowM to «xt.#ii4 throng ® sfe®rt fl»®« 
#f ®a#*lslf iB©l pl5« gsi»«w®4 imt« tfee ##at®r tfe® ®it« 
@»f. ais fmiil# was loos® eaom  ^ so tli&t It #®mlt 'b# 
rotat«4 «jr wmkmM. up 8^4 4®m lilet am 0lt-fasiil»B®& t^em 
" m ^ 
tsA@ir» eiitif-# was jCro® a lb#« wfeieli 
•««s firm Ms®, a.® ##0k#p wm sttfflf«a4et £b 
a featl of myhem. ®il wliisfe was stlrret %y im aiy-tri-r^a 
ir@iell®r- stirrer, f&« ©f tk® ©li 
TOS ®almta.i»«t % th# us# of aa l©t flat®, Tk* 
tea^#»tmr® i«g r#gml»t#4 ly ^^mstisg th# tistaa## @t th# 
M% flAt# fr®a W%9 ©il ©©Btrnteef, 
fb,# of aoMin  ^
A f©w Mat fe##m mi® ttemt i»-
tl«at#t aaiElaw ©'fetaimlile with th# sf«« 
•aTallalsl® was m&t hi^ M©«^1I t« aelA tli« aatei'l&l pr#f@r3^* 
Is of€«ir to 4®t®aiBii th@ ©ytlsiw tw@ 
large lmt0h#s ©f »at«i'ial wmm msAm to tli« irsa ®##1fe«r t® 
%® ms«t la « #f th« »st ©fftttiw is®ia.i»® 
fJi# 0®»posltlQis ittii tfe#®® fe«t©fe,»s ar# 
giv«.a helmt 
latofe St 40 
^s» 144 144 
Farforal# Iff iiS 
Aiia«iiia. ®e# 30 SO 
S©yfe®aa ii©al„ ®ig, IfE Ifi 
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- f E 
It wms that the. &t a©lti«g m& tli® 
tia» 6f ar# imt#^«i«0i.s!it* Ja it«a of th# • rmg@ 
ef a^Mteg mm tto :B©MeA 
»® s«®«reft %y aoMiag 8#T®ral »afl«s' at 
t#af«»&twes« Im tMs fr®©®4mF«' th# mM *a® 
t© tfe# t«p«ratiar@ aiiA tli®m 4ow» 
tmi®l£% «s f##®!,!!®. fk# aeMiag t#af«mtmy$-s r®f0rt»i f#j* 
tto -aa»5i«# »3.4«t mslag this pre^e-fitaf® were ft# *«iw» 
t©*p«ratm]r# % t&e Siae# tint 
1.8g«#t lb#Mia4 tfee t®i®®mtmr« ef tfe# neM 
th® l@stisg p®ri#t, tl® a©tml t«i^ #mtmr® ©f tl» aolt 
]py®f#r wiui 16 m IS hifoh i^' mm. wag 
•3?tf©rfc«t» SI iiiews tat# m& etf t«iits 
®m til.® ®«afl«S' iftsi# % this 
l#3Kt,: se*$3rsl m&m tm 41ff«ip©at f®Ti.®t8 
©f tiae msimg ®s nearly @®iistsat a t#*p#mtiay® as fossiW#, 
teapemtmr-es »poa?t#4 for tit' »»p3.#:s aelteA- ms4»g tMa 
f«®(©tw« mm t%m wfrnrngm -Qt f©atin^s, taktii • mmw 
aSmt® imrisg tl« t#ri®4 fmm th® tlae %hm. mwtm ©f hmt 
w&a shmt -off .mtli ##oltag wifct®r *a» im Sat# Wt.® mM  ^ $fet« 
f-erlot ms ftl'S©, fSfMBrttA m tli« t4a« #f a©141»g*-
tatm aaa tM« mmmltM of t.®sts .0a me ^saaflas % tfeis 
me mlm '^ mn Im fa¥l@ .XII.. 
§t»ti@s war# tli©» asfl.# of the effect ©f 4if#eF«»t 
aoiaisg t#Bp«mtw#® wMil® mslag a ••©•©mst^ t meliiag f®rl«4.. 
** •* 
fw® tewperatmres ar# for the gnmpl©® miltet «sl»g 
tMs fh® first if#p®rt»d was -fchat 
&t is%i«& the gas tommers wBTm Atit off aat %hm a®eoii4 was 
th® »axiam r®glst®3?«4 hj th® tIi©moa®t@f twiag 
t^ ® »oli.tMg p»ri©a.« faW« Mil mhmm the rtsalts of tli®' 
t@st:s rvm m #syiifl®8* A aoltlmg tl»e «f tlire-c al»mtes 
was eaplojed* &e soMiug pressor® was iOOO p®iai.g 
tamm mi 
fh© Iffiet of ItelUlBg.Tim# Mit lolAlmg 
$S51Z155i5o$Ilj^ sli5SSi^   ^ r  ^
S6®pl«:f«ap- t Time tStr#s#tli " t Water Als^rgtlem'' # 
Ro* leratmrfti Mlii« t® ferai^ i' 84 : 144 hemra 
IS© If 21,8© S0.4 
ss-s ISS •"- IS SO, 00 8S,f 
S9-.S ISf- If sf a© ?9.S 
Sf^  SOS 1? g,» 11.f 
0fri go? IS f.S 
If-6« g'io If S'.lf 10.fi 
Sf-?# 2fi to 2.id ?.» 
.3f-8* 2SS 1$ I.S0 4.f 
Sf»t tm IS 1$ S.ff n,s4 
3f-10 .£00 i m 4.is lo^ fo-
•^.11 SO0 10 ii S.Of i.f2 
S£S t • mimm 4.0? 4.gs 
2t§ 4 — i.M. f.ig 
• ' fees# 'saapl#®' tomi. "im©4®r"as'''iif tliej'' fafwi. ¥#ea.' 
All ©f tfeese' saaples w®re a l^tet a pressar® ef EOOO 
Itos* p«r B%. im, flf% per ©eat of ©a® hmArtt a®sh wood 
flour was iis#t as th.® fiil®r. 
- »4 • 
fABI.1 mil 
tli« Mt-mi «.f feafejratwr® wt-tli ?i»# @f 
M©i4iBg S«M Ccmstaat 
" : Moilifiag: Impact ^ i * 
Sffflp'l® I Strength, in# i we.tm Als&yBtloa # 
to tetaJfes i to®, t il lirs. ili4 lirs 
ii0-l?4 i.m t.oo s.ti 
if-lif lf©-JLfg 0..8f i.lf a.s® 
sf-lif g0O-Eli Q.fS 4.1f 
Sf«14B 4»Sf t0«20 ff.SO 
iso-ifi . i,f8 • ll.Il 14.00 
S9-lil ioo-iis 1.00 8.4t 3.0.as 
40-1 It lai i.ii f..2i 
40-I • gOO-£lf . li l.Qf f.f& 
46  ^ its-aio  ^ 1$ O-ff . I»81 ® •SS 
4#*»4 goo-iis m om . g.ii S.84 
* »14iag tia# - S aismtes, MoMimf pr®ssmr# - BOTO Ite. 
ptr St* in* 
3i»mmmi,mm. ISie results &t %mt& m sa*pl®s 1 to X% &t 
'it art shows is 'fall® XI !• 1&« r«sml%s lBAi»t# tk&t 
thm B^mmgrn ©f tfe« sm®1#s r®]»la«ft fairly ©©astamt ®T«r 
til# mriatlta of t®af#ratmr« ms#t» ^Oa« toatr«a. W0®t 
flomr was mset te tfc® freiaratl^n ©f them-
filler to im l«tt«r tl®a tfe# 40 to 4S Besli filler 
msea la ffiissy ©f the pr#Tioms saiipl®s» as tli-e aat«rl&l' m.m 
a©re »«arly ke®ege»®oma, th« r#slii ©oTer@i th« fill#r 
©®fflfl®t@iy» and the samples were Quite strong. 
• f i 
1; if wmt^  Bolded using • • 
th# ,i?@.is«3..t@' Aow that an M 
1tt.« mMimg li# t ©waseA a iiartei. -
im ^he &f mtm a%®srl«t« fh« uf 
t#. »ks-«r%tit 30*0 p®i? #®at witef Im -Bi hows* 
tft# .SMBf 1« mf t© M5®G •i,%8®»'b#t iitst 
'saw- f«rlQt_, HI# g«iipl«s #f 'fei# 
w#T# «»lt«4 at m slev# gOO**C a^sorl@i; 1#«8 Wit«jf 
mw ©-t 'tt© i®iiil«s ®f 1 t# 
w«r® ««!&•«€ letter ma hat gstmter stf«agifek tlyte 
•Mifl# ®at# fy@Yi©us t® •!#««;.» »« l^©s mmm 'mmm- '• 
fe&t » temt ®A#r. I^ is ist4«t«t ttet -lb# »It-
ii^  #«.» too M#i» ft-i t# »-U «#» 
a#illet msti^  mMim ti.««s a®ai'w#r# «»«t i» 
§#•1 t© it-i» a« i^ salts litis«at« tlitt givta 
1^# wmtm immmmn^ -wttii m ImmmmMm' tn %%m»* 
f&M'# .3211 ^ mm wwilt® 0f tmts m mm^lm, 
at % •»!«%# •*#!«»# mm 
'mA » m%i.tmg w®9sm^m 'tfea sastpl#®' 
«f*/«i;t «S* -itt^  til® aat 
&t til# tw© .«siipl»s ttiA# «&•##. »«Bf l#s wmm 
Rdlt^ is mm *©••• 3. a mm%mx f3tag fM# 
f&# %ott#a 'lit «#t iMilt «s iwll as t&© t©f 
'«a. !«#«• iii^ «f wlm®#.* 
^ t^o.» #«rr«#f©iitlaf g i^lie® »t ©aeh 
- 9S « 
it eaa tfeat tfe® water afesftrptios i.®®r«&s@d witfe a» 
immmmm ia mMimg teaf 
As siBilar w®m fmm tn# mmln a&4# tm 
Ibeftkers, it ms •0«a®liiA«i tlsat tl# ms# #f a tesf®jp&-
twre higher ttoa liS'^ C wms 4.©sis«fele., -©i® "bicti®.®! ©t#f ®f 
se»# ©f th« m&plw wa» taken as rriA#B©# of tm Mgli a 
meliiag teapwatiar##- fh# ©ptiam t®»ip@mtii!r« is 
m^mm ifg ms. mo§^v, 
. Aa & mml% &t tM& stmty *©Mia# I®. S, 
tds^riltt im tb# s#.@ti©ii m Vethod at Prueetmr#®, was 
aiopt«a.. 'I&t ms# of gas Immers f#r heating was aot mMrel^  
®atisfa®t©Fr "brnt it was %hm most i5©mT@»i«mt wtteA «,milaM.#» 
aat it &ii wA® posslM# m 4@©ite4 ii^ i^ oTeae-iit 1b tkt, flasti®. 
fhe ,eff®0t. of .giving the filler, with the geslii A'arin  ^ the, 
feeatiag g».rigi, 
It %®®» femt %hm% it was 4iffl®mlt t® a li@a©* 
gmmns mirEtmr® % miximg tt® tried resin with tfe# w#©A 
flow filler #0f««i&lly if 40 a#sli woot flow was mset, tfeig 
re@al%«ft in immm-plmtm ©©wring ©f tli® filler "by tfe® rtsim 
aai. fr®te%ly lt®lp»4 t© tfe« fei^  water afesfrptioa 
-ralme r©f.ort«A ia ths Coaaereially, this 
tifflemltj 1» oviir«©ae @itfci«r mixtmg tbe filler aat r®sla 
m w&rm r&llB or % t^ing th« fill«r is with thm %ateh. 
rtaefimg it fr©a the flaal mixmw.* It was i@«i4«i. to 
try th# latter tr@®@tmr® msisg tb# lr®B :©o#]k#r f©r tfe« 
- m -
w®T@ m#iit im tht of 
this %a.t<i4ii 
3^8 gmns 
• 9i " 
Sey'bsaa asal 1E8 " 
ume losb " 
l©Ot flow (100 JB@sfe) 110 «t " 
41e«k®l 90 m» 
Wat®r SS m* 
mmm&imm lytifoxii.# iO m* 
yye@etw». fh« fttrfmrsl, f3i«ol aaimtw 
w«rft »ix®t tegifther im m vmmM. flagas: mft tli# nlxtrnt^  
3r#flmxei tm tw© h©ws a»A twaaty lalwates. 
solmtloa WAS ai»t «ith tfc« 11b® » »©yl#«ft »«&! and part ©f tli« 
mlmhQl «€ m&%BT Im m large ¥©wl. flit ias% «a.ss f®»#t 
was fla@®8. to &m imm mM. fe.#a,t«4 fei* -ta# toemi?- ast 
ffllsates % mmmm <if » @11 "bfttM li#lft at a 
trnif# ©f a¥®mt Mt#,r r#»¥lia# thm ©o©fc«3? 'fr©» tli« 
oil Imtli# tli# wo®A flow aitt the remlaiei' -of &leoli#l 
mM. wat®r was «A4®i, After ip@pl«®l»« tMe e©ok«f i« ffe« 
tetfe m.&. ^01* -aa ai.4itl©»al tw® hemrs., tfe® wmln mm 
r«s®ir«ft aaft. trlei ia «o oto» at al^ om-t 6S®S. Ifee material 
m&B t& pftS0 a IQO »®A ser#@a MolAiag» Muli.-
lag lQ» g was u»e4 la th« j(r«pa»tl#a Qf saiipl«8 
96 "• 
fro» tMs Molting 4ata lat jpesalts 9t t«st» tws. mm 
th«se gaaples ar® shows i» fabl® H?», 
Tmm XI? 
Molfling Pata as  ^ l#stxlts of S«gts ®m 
S«fl#@ ©f lat«to 41 
•*' S' g; 
iMoMiag' sMolftiag f food tBtwrnn^kt later 
S&*tl#f Tmprn sPi-tssursf. flomr i " Fall t A%gorpti#m 
H#»- % , oC sibs«/ia* i^ filltr -t'ts %rtaki: p tn Sll hrt,. 
41-.1 Ifg 1600 #11 4 
41-.g Ifi 1S0O 1  ^ m^4 
41-f If0.1«« ^ f §0 1 
41 *•4 I'TO'-lSi 1 ft i©,i 
41ti IfO-lfl IfOO Tf 11 
41*fi§ IfO-lfl 1@00 IT iaa4 
41-f 161-184 B800 rf 15 
lif-184 .2800 tf lt»0§ 
41'*'9 lSS-19i 4tOG 
TT 14 
41-10 16i-lSl mm TT 9»4i 
41*»11 ISOO 
Tt 14 
41*'12 Ifi^ liS# MOO TT 11 
4i-ii zmG IT m 
41-14 lfO-S©4 ism tt gg»6.S 
4l»ii iw^mt isoo 
TT 





41»18 ^ • 2S00 • 
TT 
10,81 
•lelili« Br#»etmre »©• 3 tos ms@& 1» tli# pr»f.ai'atlo.» &t m«s«-
Splits* •'Kr^sseA to ISOO Ifes./iia® soai. r©l0as©i. ¥ef©r@ 
applying Mat* 
. 9f « 
Pisfttasiea, sa^l®s wer® aat# %j aftaimg tii® 
w©©4 fl©«f filler i» witli til© flasti® wiss tmrteg tb.« h«at» 
im a® aitltiom ©f wo®A fl©«r left tfc« »»#§ 'r®w^ 
tfy aai. fsr tliis r«asoa It ms s«t©e»e«f^ t@ '^A 
ale#h©l Mia -mtm to f»«llltat« siatilag# It was not p^sslll® 
tO' 'iAA w®o4 fl©mr i» tti® ©©©•&©r s® that tli« 
.r»slm w&mM eostala 5§ fe? ©eut ©f filler. F©y tlimt r©as«a 
SaMples 1 t were w«alc. l©ww»r» iA«« -atittioaal fill#!* 
mi -sttea. t@ til® trlsA p®*ii.ea? to lfl»g tfe# w®©A flow @#m-
t«»t mf to i0- f®r 0«at tli® str®agtli of .tli# tsst 1»-
«i*®as®i. titm. 4 teelies t® 14 imehts# 
Saaplss s t© li w«r# -nm to %«st tto.« ®ff@«t «f dlffer-ent 
moliliig prta^ares* the rf-snlts iii4i#at# tkat tfc® ©©Mlag 
has ir«3py littl# eff#«t oa tli# «ti*«agtli of tfe® 
®&iifl«s.» 'tet that tl® the *©Ml»g ^mmswt% ms«t» tli« 
»or# water «ststaiit Wm »at©Fl&l !>©#&»#• It ws» Alfftswat 
t© 4mpli«st@ th® Meating ®©ii4itioit® msjyag thm gas 
mad for titet yeasom^ It la m% f©ssl%l« t® 8&y tfe&t t&« 
wMaties. ta fr®f#Fti®® was «tir#l|f th® »smlt «f 
tM© aoltiag pyessur#., Mmmer,. slailar t«,sts oa «tM#r 
latd&^s ha-r® «totastlat®t tlitw ®oa@lmsl©M. 
S&«pl«« S t® 18 aolAai w®ll ««i4 liaA ® fleasiaf- afiear--
a®«#, ltof®rtTOat«lj,. %t& wst®r a%so.^ ftl©» mftmit .24 &®iajrs 
©f Inmmlm was a#t for tkes® -sMifl#.®,. At tfe@ ®»t 
#f Sll fctmrs th#s@ waple-s .lia4 4lB'@®l#r«t mM. w&m w©ll«a 
©jaly sllgfet.1^... fhm mmpl9B mme as wfttes' r«si«ta»t 
« ioo -
as ssmpl#® sm&e iriei- t@ 
•fb® fttwt®!' mt® 'attimg w©©t fl&m i« witfe m# 
pl&gti® ia tli« |»» @©#l£#y w«s sa  ^4#as#ie tli« 
la Ite# west ri®w ms lAtet af'tenwttis, .ftt@ f#m®r 
tr®te@«4 tfcmt '»e^® li&i€®r m& »@r« Irlttl® tli^  
ties® aoMttA froa fh@ latter 
file. @t pheael. 
Sbfe® mtftp m»®A t© tJi® aaoflts of .S^tsfees 1 t© 41 
was @i!l®ri®t m liglit after th# ssaplts .feal • 
t®a®rs®4 to it f#!' m h©mipi* Im m&m this s©lmtl@M 
««*# a mQlmv tmt with, aallia® ii«®%»t® solmtlom^ ftl® !«• 
ai«at®i. tMt to© mmk twttwmX w«» ms®t m tfest met 
®m©B^ film®! fe&t %@ea mg«t to 3r®«@t witfe the 
farfurftl freeemt. Im®#,. St was tegirall.® -t® thm 
®ttmt #f iBA&iwm t®r®©ntaf@s ©f ®®mpfi»®ats 
msims th# i.r®a @iO«l:#r f&T f3r®f&riag tfe® flastl® 
®#ap@8lti©ms &t s-®v»ml @.f tfe®s# tettfees' asp® • ali#«a 1®. 
fall® Xf. 
- 101 • 
fAlU' m 
CoKiposltt©» ®f 4M t« 4i* 
t " ' " V  ' i ' ^  •  
ae«l iF«rfai«liat«©liIila©t®.01 :Tl!Be of ga> s Bmrnm #!.> ihe&ting. * to«rai 
41 m m m g 10 i 
41 m m m S t f 
44 MZ 2$ m 4 i s 
4i m M li 4 W t 
4fi $& m 48 4 10 f 
4f m Z6 16 4 6 4.i 
4fi m 43 4 i 4,S 
• Ih# mimlfers al®-?® give ©sly th.® ir«latiT# t^a»tlti«s -of 
aftt«rlals mset. 
loltimf ?ro#«amre 1®. $ was ms®& im tfee paf©farfttloB of 
tfe# aampl«s fp®a tlisu# %ateli#s.. S&lAlii« tata ai^ rtsalts 
@f tests ©s tli« sM®l®s mm mh&m is ta^l# Xfl. 
»«pl®s w#r® aelft®t trm emb Mtm, m® moiUm 4ata girem 
mrw. fm m® sm^Xm wMmh al®or¥«t m# l®w®st p@r@#at&g« ef 
mtei* aft#r tif@a%--f0mr Miirs of ®i® wa.t«r 
a^sei^tios mlm# rei«rt«& it als© fer tMt sai#!®* 
* i02 " 
fABIfl XfI 
Mm.mltm of ©a .SMifl#s ©f 4a to 4i 
~ • 
tloMUig sM#Mtng :*©ltii^:ATerase : A%m, t 
^t#ki fwf* iBr«ssurei tia® ; Strength: g4 tes#sy«f «tmt 
»©, t ®C.. Ha. lin, Jalli « s Filler 
4g* IfS-lfS 1500 m s g.JS i© 
43 i0S-.if0 mm 10 f i,m iO 
44 lf§-l@i mm 5 10.s l,f4 50 
4S lii-lit liOO 10 10 §.1S m 
4i lf»-18» 1500 s f i,lf S0 
4f f -16S 2M0 IS » 4,fi i§ 
4S t - 1-6S 1100 10 6 S.22 S-O 
• W&mt fmw ®m% of was att«t t© tb« 
Msflts aQiaefffum tfels latA, 
Jiimmmst-QM* Tke mmXtm ©f th® t«@t® ®a the s«fl®s of 
4S to 4t are Aqwh. 1® fsM# X?l, In geasral tli© 
sa«fl#ii wbm all ratl.©r weak aa ©@»taf«t with ir«f.ort«t 
im fr«vi#"a8 lag^s. Si® irntmtml »a«fl«s fr«a «a«li 
lat®li 0®»sl&em%ly la stf«gth so that it is l»f©®siH® 
t@ r»a#li mmtuBlmm &s to tli# ®f f1&ea@l 
©oBteiit @a th« str#»gtli of th.« saaples trmm th®s« 'bat«li«s. 
&t ®ftiMa fir@f©rtl#B of fbtaol w«f fomd t© I® alotit 
thl^jfty g»®3 of fli#a©l t® thiv^-^wQ grms of s®yfe®«a »»al. 
tt,«a a. frsp&fatieii of pfe«jiol t© s©y¥tam ae&l tfeam 
tfels mm ®aploi«t, tli© irsttr a%8«rftt®» is«r«as®d wltli m 
- lot -
imeyess# la tlie frsfOTtioii of phenol to sojfeeaa mrnrnXm 
m wms m&re wmim^ resi stoat thm& of the fr«vi©ms 
«ai«. thm %«gt s«®fl@ ®f tM« "batek ®®jy 
l*if f®r ®«at of wat^r 1» tWfiatj-femr lioitrs# 
mimrng lo, g wa® ms#4 tii tfe.« ©f 
safflfles fy«a ttess# m© s&atl®8 »oM«t w#ll wttl 
tilt# fffteAmre •««€ to«k a lil.gli p©li^ tii-eetly fr&m tfa# 
ii@lt.» w#if# mil t»k hmm. m im ml&r^ After 
lWB«ysi#a i» wat«r f®r tw©»tf-f©mr hmmm th® sai^l#® liai. 
m&. w®r® li^t teoim ta «©1©3?, It feme 
1>@®a feant that this Aiseolsratiea ©» !©•• "bj tJi« 
m»® #f mmi. tl&mt fill«ie aj«4 wlt& a»ilt«@ M»elE '©r liy 
atttef & #i»ll ter€e»tsg« ®f ©a f^esa hlmmk m a pi^ «at« 
t#sts •©» tM« resta of 4g t® 4f i»ti»t@t t&at 
mm« ©f tit# Jte-rfm»l was still mr^a^ttA «.t tfe# ®»t ©f tfe« 
heating ttrl©t. selmtion f®i«^ toy a OTall 
a»#*at ©f Jtet@h 4i wltk gaf# s t#fiBlt® t»st f©r aa 
-®a@l witk f»wl« @hl#rlft@.. 'fliis iatleat^t that am ®x#®ss 
#f -ffcaa©!. feisi. leea m.w4 i» tlie jiftparatleB «f this bateli. 
Att®»it8 t# lttpli#at® tfe© C©«f«3i^>® 
Im til© w©Fk that Mas %«•©» pr®s#mt#t i» tie 
fag«s it feaa l#®® sli©w. that m i«pr«T«»««t #f tk# 
f«rfm»l-8^to®«tt-l^#mol flast-l® h&m ^ a 
0f .»®a# @f tl# Tsriatles l»Y©lT®t m&& hy lufrowaeats 1» 
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aet^©4 ©f sai. a®iaim« «i« TOterl&l, w»t®r 
a%a#ritlQa hmm %een redmatt tmrn a%©mt fifteem t#!- !»• ' 
"hwimm t® a"b©at tw© p«p @®iit 
Mow«, 'tet that is as low &m it hms %mn possible t© »«dm«s 
it.» • Si# molding t®#!mi^® m8«t s®®b«4 t® M :»atisfa®t®i^ 
as ®x@«ll@iit .saiipl«s ha-r® li®®s a®14®d both twm @o»®i^lai 
b ® 3 E ® l i t ®  m i ,  t m m  t h «  f o i C f l a s t i ®  © b t a i n e t  
fifoa !•, A* tit® Mis@a Isstitrnt® mslnf this fro-
©ed-ar®.. ©i® f&mlt @¥it®»t3i^ ms im th® »Miag f©w4®r • 
itself*.; . • 
A: »«ib@a? of .att«iiit8 wf® md# t©^ imflimt® th® 'WmT&^ ' 
Coafi«e^*» soyleaa flasti® msimf th® sm® ®q,uifaent employed 
la th« pi'tpamtlom ©f th® fa3Pfa»l-s®y%eiaa-^«ol rmtm bmt 
TObstitmtiattg foi^ttldthyd® tm th& forfttral* -Ih# 
sa»fl®s i«4@ ttsimg th# imm e®®3^r absorbed E.4a p®r ®«t 
®f imtsr ia tw@m%-f©Br hmarm laad, rsfaired 1? ineh®s ®f - fall 
®f th® i f®md w®i^t t® break It. Tkmm® s»ajl«s wer® dis- ; 
®©lor»d tmm iwmwmXm.' ia mt®r «ad had tistiBSt @l®ftf»#i 
pl®a®s. 4 »«ber ©f bat@h®« wsr® -^ d® msisf a "fmmm 
Iapr®^at®r t® hm% the r®sim. *»t®r itbs®rpti®s ms 
r«4m««4 t® l.ff »®r ®»mt, im' tw®mt^-f@mr h®«r®, tet ^® 
8tr®iigth ms Rls® r«tm#®d t@ 10 iii®h®s as determined % th® 
«®4ifi®d J^if® test a»«hi»«, CSonsiderabl® dlffie^^^ 
was me©mt®r®4 im aixlBg ^® mt®rial in the Stekes 
I»fr®^t®r, .itlll better saaples w®r« aad® % hestiat 
- lOi 
th« aatsrtal ia %«-»k«-rs la ma. ©il bath- md tiaiag 
a W®s'llierli.«ad tilll Mr mixingm Hi© llest samplas »Ae msiag 
tills a¥»iffe«& l»m f®r e©«t of water im tweaty-
femf homr-g, % ©afl^yiag a ki«li p«r@e-mtaf« ©f fli#a©l., 
li®&timg tM# »ateri&l in %@a&#rs» «i.- aixisg i» a hot f©o4 
lfe@pf0j' th@ «t®y m^sorpti©» was i'eAm##4 to 1,SS f«r mmt 
i» tw®»ty-fow hmm.» tet tto® umpj.#® were als# fait# w©ak« 
SeTcral sa«pl@s feaw %mm «©:Met fro» tli® F©3^ 
©0»er«liil soyi#-a» aoldisg p0w4®r ©Maiatt from 1.. A., 
of tfc® MtioM Imstltmt® that &^s©rl>ed l«ss than, 0,,g0 p#!" 
fiest ef water in tw#ntf-fomaf liomrs aaA a strength ©f 
ig iB0!i©,8 oi? aoi-®,. iim©® it %@®n lapo^-ssitl® t© 
tke plasti® with ©f tk» ttttliots 
mis«4 ia tfe-# f^iifaratisB ©f tlfe® 
plasti®, it was «0»clwi.t4 that tfee 0f ^rspariag tb« 
r«sia ms act satisf»et#iy» 
.Ittsftfta to latoi^-Pro^f the Forfmral-
S©j%®a» l«sl» witli -iost Eeageatii 
©•titer Ifeem©! 
A 'm&ber &f att«-apts wer« weM.® t@ prsAme# a mor® as&rly 
wm^mr^rmi s®j'b«aat pMsti® msimg s©»® reagest otiier thmtt 
pli«®©l. feesol was fouBt to inferior to pli®n©3. as a 
wa,t#rp-ro0fiag .^«Bt, the saterial saA# uatm tfei# r®ageat 
tot a stromg ©4ojf, »»a. ttoou^  it w&@ f&iriy str©mg it w®»t 
- 10® « 
t© im water, the adtitlon of laktllt® 
t# a fai€aral-«»7l»#«a plastis was mo-t ©speetally 
fk® amt#rlal wat 4iffleml.t t® aolfi, aaft lakellt.® 
hav® %®#m iairttftlij #omir©rt®t iats tfe® t^wm "fey 
l:#ati»g tmrlmg pT®taratio:». A «ixtmr» sf ^ eas®iii 
ssl pr®tti» with twpt&^ml iy©4tt««i a s-ti-dBf «t@rlal 
aoM©4 Imt it was Bot resistaiat t© wat#jr, ftt® 
ms# p-amflitlol ant mr«a as i^ te3riT©:ofisg 
mm® "TSfiT tmt®y«3tiiig »at©ri.als. th® Ifcigh mst o-f tfe« 
»A® Its ms# ma&eslmfel# if ehm^er materials 
©©mli ms«d, ®&,.e resims aai.« froa tliis material were 
tttlt® 8tr®a« ant fairly mt«r r»slat«Bt, l»mt stmaies ©f its 
ms® »«!•« ftteit«40»®4 in favoF ©f the mf#a, fmrfmral-
»©y1>©i®-mreit reslas feat ®x@ell#mt aol41»g- tr#p#rti«s> 
str^agtto., m& low mm mts i^ai ®©sta, Mt they t#© metm mt 
trnxf Tmlstmt^  to tfee sstlos. ®.f w«t®JP, 'fb® a&terial 
•stfpareat^ ' tit »©t reset ©oupietely mader th# ®0B4itl®aa 
ms«4 m@ tfe#r« always s©ew«4 to %® a sttsll #f tM 
fimiiteet p-fddmtt that was i» water* 
'amll S#fsi# ^«pwmtl©m ©f't&i!- S«st» lsi»t a 
¥®3m®r-I^l#itl®r %pe Mix#r 
*r&® th© r«»mlts ref©rtt4 im tfe® pr®©@tiag fi«©^8 it w&a 
tliat »®«« «tmipm«at ©tla®r tto.ia b®ators ©r tli« ir®a 
- XOf -
@$ol:er sfeomlt lb« la th® ©f r®sing fro* 
«A s0y%«®B mml* A |a©ket.«4 »tt»3?-:p®rkl»s tyf# 
mimx «at a Mmlmrf mixer w©mia prote^li'' %« f&r tMs' 
m&A aim®# tksy mm wiiely ms#A ©a^erel.slly f©r siailay' 
pmi'p#sea» A msll %"f# mixer ws amilrtle 
aad it was t«@i4«4 t# ms« this mix®? t&e pf^ famtiea ®f 
the r®slas. Fl^wr# XI is & of tkis mlmrm Bimm 
th-B mtxm was act Ja©k#t#a., It m&m 
t® »©«nt aaa li®atlag mit wi#r tfe® 
Ms# ©f It, fMls TOit ms e#apos«i of ®^@ut twiT® tm% ®f 
le. Eg It@iiroa©,wir« wM®h fa®s » r®6£®tsK## of i."bomt 1 ofea 
p©r f0«t, fit# wir# ©f tke lie&tlag mlt «s w®m4 
pi-res: glasa was ®app0rt©l  ^a «a#@t aet&l 
fyaa®* $h# »!]?«-««« iBsmlatet f^ ©® t3i«'ttix#i? seaai -of 
»s^@st©s paftr aaA ftsfeaatos @ea«at» fk» 
of th# lieatlag -aatt wa® iy®"n4«d with a rli®oatat asat ®a 
«*#%«!• s© tfeat tlfe« ©mireiit t© tli® ele»#mt Is® ear«fttliy 
@®aty©il@4. ITnless ©tlterwis® aot#4,. this aisi#!' was uset la 
tfe# prefftmtttm th® mmim for t&« flastl® aiwifle® r«-
frottt In til® followlag fagss. 
ggtilsimaa^ «ig3?erta^tg 
Setdral ©i^ ^rlasat# wmm rm t© t#t@mia@ 
tb® freptr -©p-eimtiJic e0»i..itl«ss t® ms# witJfe tto# 
-»lx®r, &« «o«fositlon ssat hm&timg tmta for 








Bmta #f 'Jintitli®® 4f t# $§ 
' " " t: ' '" 'j' '' t  ^ " i T""  ^ 'f —— 
;Soyfe®a3Rs s iW#ot sleatisgj 
5Sfe«ji®lil^ f«rftljFlows fi*e- i H«a%.4,ag 
lo,*? ftgama itr^g t sfe&maSHys*** ?f-eaperfttrngt C 
4t ss M ,14 40 fi 
m g4 S8 m Si lio-lto 
m M M.i Ei 40 fO-fS 
m m 4§ Bi 40 1O§-110 
m m M B4 0 41 100 
m m m M 0 4i MO 
m sg • M es 0 # IIO-ISO 
» la lAtlttos til# ab«'r®, all ©f ©©atfttaet 
S #«. #f- a«a#alA. Mat i gme* o-:f 11««. 
•• Tk9 aixtmr® #f ftirfarsl, «4 aaaonia, for 
4t ant it was rsflmxtt f®? lt«f©r« aixlmg wt^  
th® seyl^ M meal, foi- tM© ©tfe®r ¥ftt©fe«B tfels mixtum tos 
ifeflux©! f©r 80 minmtes Mfef® mixlmg. wl^ fe th® s©y'b««t 
a#al.. 
fallt mil skews th® mel&im r«palts ©f 
t«g%s OS s«© Qt til# si«fl«:s aolteft tmm 4f t# fS. 
- %xo 
mnm mm 
MdMiag lata ant Itsmlts ©f t«ats .«» iai^l©s 
49 t0 iS - • 
t • • ' ' iwomimg't • ' iWatftlf ' ii;r«rage 
.i.l©liiugt3feMlngsi»r@ssmirisAir^ii sAlbeortedi HOS 
tsigpij fim® I Stg# s la i» 
1«* s ®§» 3 Miai t ^g& s" falls24 by®. IE4 tos» 
4f liM.f4...S i mog 4 " 6»78 \ f.Bf • 
iQ .lf.O-lf.0 9 lioo 4».f 5.18 9af 
SI lti-l$f*i %0 ISOO' f»fS a*8S 
S.2 18i-.lf« • t 1800 8 S.-.SO S,i4 
§3 • IgS-gM io 1400 8 4.,..8i 6»41 
§4 ifo-ifi 10 1400 li t-.i li..os 
SS ISS-lfS s 1800 g^i •i-.io fi..!®' 
lottsr Cl| Ife.# .ffleliiag ##aAltie»s giTen are f©r tfe# sasile • 
m&t hmS. the mMrnm wattr absorption. 
CS) Bro®etn3*® lo, S was -osBt Im -meltiiig 
saapl«s, 
B,S As ©aa froii tli# result® slioisB. in 
f&%i« If III, mm •Bm§lm a©M«t tmm lattli.®®' 4t t# S§ wsr® 
aeltHer mtmmg mr wmUr r«.8letaat. Is all. of thfs# 
lat0h«s S3, i4» tat SS, the w©oa fl®mr was mimd la 
wi^  til® r«sin iwtim tli« htatlag t«rl.eft. m® i^dltlom &t 
a Mall saemt @f w®®t flew to. th® s#|'¥»aii r#sia Im tli» 
atrnr »ro4a««4 -a 4:^  aass tliat wmm feaiA t® mix, 
% th« atelti©ii ©f w&t»r t® fatllltat® MMag «B©ia  ^ wmi. 
» 
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fl®iir e'Cmld ai.4®4 so that the fia&l dried pr©dm$t @©s-
taln®4 tmm thirty t# forty fer @#Bt of filler, . a©w#Ter, 
it siiQmlt 1« s«te4 that the immB ecmlft le «ix«i oaly as lemg 
M mem W&9 «©»gi4©m'bl# lioiitwr# If th« ffiat«rlal 
ma allew^A to try omt it ^ ag»i» tow  ^a»t a© difficfmlt 
to. mix tliat th# alxtr ©euM mot h«a41« it. A-g l«»g as tli« 
moistmy# was fr«se»t 1» tk# Baterial ia tomsidemll® 
.tmBtiti.©s th# teap^mtiii'® of tli« aass -©emM set ml set 
aa@h &!.#*«. 1§0%. It feas i©i»ted ©mt freviemsly that 
tfe# ©ptlMWW t«»ftTOtmr« ©f lt»atl»« tli# p.ljagtl© -mass Is aMmt 
110-110®S. K«a@@, tmm tliis st^ adpoimt tli# attitiem ®f 
wat«r t® th# wa.0s in th® mixer was nttA®#ira%l«, km a if©sa.lt 
©f th##t stm4i®s it was @®ft<ilmd«t that it wmm mt 4@si»lil@ 
t® t^  te «ix th# flll«ir ia with th« plaatie aa©s 
tB.# fe®atl3ig f#.ri»4.» ftt If-ast wltli thm ms«4 i» thmm 
stmti@s,. It 1® fQ.sslfel» tli&t til® atditiem tli.® fill»r 
tairlKg tl.© heating p#ri@d womld lb®a»fi0l.al if saltallt 
#qmifa®fflt w«3r« mset to kIje tlie aaterlals.. 
fi«se mmplm were all a©lt#i % Molding ?f®©«dmr# 
So., S, Mmsy of tli® ««pl«a te©S:«a ia tit© str«agt'& t«sts 
M4 defimlt# .©lesfag# 'flaa®.®.. It is "beliwed tfemt t&l.® 
©leavag® plan# w&b tli« earns.® .©f to-th th# ligk «rat«r 
al.s©ritl#s «ft tfe® l®w str t^M of t&® eaapl.©® ©f fct©!®.®, 
4t to §6, 
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:fhe «#-t of fmwwtmg: the soylieaa a®&l' -mmtrnt '  
•Sie stvAtrnm aa4® mf to this tuiat laiisat^A th® 
apf3?©xtfflftt® fmtl® of farfttral t© pfce»ol %© ;as# is the 
flssti©» bmt m staty liitt 1be©m • 
•ttai# 0f til# «ff©#t 0f mwylm s®j%#am a«^l la 
©rA@i» t© stm% %M® ®ff»@t ef mi^iag tMs tfe# 
tjp-« *ix«3r was m.s©4 t# pjp#^ar'« ptx 
©f feslfts i» tfe® s©jlt«ait m«al ©osttst was mfitt fr&ii 
twemti-- t© fQy%-two garaas p#r tMrty grams of fttrfmr&i# 
Mrt»g th« fr«fa»tioa of ^mtshet -tfe# mlmr wse 
with a ««tal ©@t«f fe«M «m fey ^i«pg laiA Sitaltfl. % & 
fmtebsr g&sk#t. this pr©T«al«d .©seap# ©f 
®oa^©a«»t.s fron the »i»r Amrla# tk# ®f 
th# #©afosl%ioii0 aaat k#atl.mg- ttaes ®f the %at©h€S 
»a&« for tMs stmiy ar® sliowa im faM« XIX» 
Bpe@#tmNi-« file rmin wm gromd t© i«ss a sixty 
s«#«a. l«fmlsdag wtm tli« filltr. 
was mixmA with ...ill# r«sla 'attt filler fey' tmxMSm «i« aixt^mr# 
im a te&ll »111 f©r aMat tMr^ «iamtes, w»m 
BoMet frea th®\r#si»'Of m to 61 uslBg, loth ms1>«st©s 
oBi wool fl©mr filler, th® mhrntm^ filled •sR^lta w«r# 
o»i# tmm stx%mr#s 40 farts of resim,. #© parts ©f 
asfe#8to8 fill®r» mA 6 f&rts of 
Tkm filler ms@4 *as a sp-taial grat^# @f sai«stes filler tm 
iia -
fABI® HX 
e«»5®sltlons aad leatisg Ttmm ®f fi t@ SI. 
—— J —— s"'™ """'i' 'I 
mml sl&®#lifmrfEFalsM»®iIl^tS i mmtimg 
S#. I ;§r«a® iWma t §rws , s<Gfe:8.s el* t 
m BO m 30 8 41 
m m m 3 i 4t 
m • m m m g i '• 41 
m Si m to $ i 4i 
so­ 4M M m 3 s 44 
il 46 g4 m i i 4i 
l«tsss Ci) fhm fmrfia'al,, asA aaa©aia w@r« mixed 
tmg9th.bf wt j'efl'wati. fo? 0»« h&wt fe®f#ar#--«.fta in^ 
this aixtmipe t® the »®al ta tb© mlmmr,. 
( z )  f ^ : ' S ® a t i s g  t i m e  m t ^ T B  t o  t h «  t i » ®  © f  t e # a t l i i g  
la tie '»i3c®r.. 
CS)' Sh,« »ml«rs afeove .glT® the. frofertlems of 
®at#ri«le as«t ast not tli© sstrnftl faaa'fei'fe-i®®' 
plasties, fli# w®#t flQwy fillad w#r« aaA# f3f©» a 
aixtmrt #©ataiaing i© part® of §0 farts ©f 100 »®sh 
wmi. flOTtr •fill®!', !MiA 8 f&rts ©f b«»»#t^lta@t«tri«i»«. 
l©lftiag fytseiwr# lo# S w&s ms®t i». the prefaratioa &f 
s&»fl#s fr&m saafles w#r» mdlteft far thr®® 
ami. aiamtes mi.®? a #f afeomt 1080 
st^3?« mm* fhm »olt was h#at#4 to 175®0 b#f«f^ «atti,a« 
#ff tto® 1imra«r® mst4 £m h#a.timg »!&• Sbt® aaxiaw 
. t®ii|i#i'atm'® 3r«#i©rAe4 ly tb  ^ tii#ra®»«ter ms a%©mt If i-gOO®C, 
fto# results of t®ats on th© aolt#t froa 
•§•§ t® ,il &r» ^owa In faM# XX. The, r^sml-ts glrsm 
are th» avermg® ©f tests m thr@« ©r »0r®' «aaifl## »li«t -ajiAer 
til® sua# ®©m4iti©»8. fh« ©mr¥#s of Figures III aat XIII w®r« 
frdB m® lata ©f fa%l® .IX. Ia figar#' -11.1 tli# p.er 
.©©at of water &%«er1>#a. ia twenty-fomr tiomrs Is fl©tt©t &s tli@ 
©.rtlmat© w«rmm t&# .graaa of fi®yfe«8a »«aJl ms^ .im tfe# flasti© 
i>at^ f«r tlilrty grans of fttrfmral as III# a¥g@4ssa» Im 
Wigm® XIIJ tb® iaya-ct strength 1-s flsttei a® tin# ortlaate 
Y®rsms tli« grans ®f ,soyto@ajft m©al ms©d- i» tli# flastie lateh 
p@r tMrty ^mm of fttrfmral. a® a%«tlsaa. •" 
«p AmT.i> XI 
l#sttlts of f#@ts m Bmmlm frm Jtet#fe©s SS t® il 
""""'"""""1"'  ^  ^ Filler '' ' "°"""'s""" MoS 
1 SeyleattTIreriii ^ sAwrsgi i l,T#ragt- ' 
Bat@fes M©«1 :Str©astli ^ jWater A^s.s Strength « sf»t#.r Alis. 
S©. $ Sri»8 ffall te IrtakiM Ii.r8« # iFall to Br»&k:84 hrs» # 
i« to­ 21.4 O.SS IS. i.io 
i? ts IE O.Sf 19-1/3 l.fS 
ii .i2 • 0.S4 li-.g/l S.©1 
it m M» 0,i4 li t.so^ 
60 4S lO-g/i O.fi ?-l/S g.l4 







I ®f mgar© III siiowa mm ©f 
wmyim mmtmt #f t&« t&sSm m th# wat«r 
®^:«:rttlsa ®.f tfc« »s%«st«» • fitt ». 
«eai #f fwm twm^y t-e tMrty-stx ^ aas t«r tMrty 
©f tefami* tl# alsoipftioa tm#t-i@iillf' 
•mmmtmt* Wkm mmm mir%-stat g^ts &t »#mi 
f«r ®f farfiarai w®r« :t&» mt«3P 
SB la©i?#a»a i» mw%mm. aeiii f&» 
fili#t mm^»» m%m% 0,.§S far «@»% 
ia, h®ws# w«» ®alf silgtetli' 
fh« tw«.rsloii .ia ssA we®^ m#t m&WLm ©If 
®alj M «ite mt«r .t« 
'^^aps mm thm »st- wat®f- m«i9%m% wot-fieior fflli^ 
#a^i« mf tt , tMs 
It ©f Ftgar# SI tto# ettm%- @t Tmr^ lmg 
my%9m ®#ai mmtmt mt tfc# wmmSM « tfa#, witt#r «f 
w©#t tlmwe ftii®ft Hi# ©anfii ib©w a st«a% lm«r#awi^ 
t» thm mMm m the ©f s<^l^ts .aftil. m»«t 
im tM« tb® i^als me -Ife® 'iWBt 
#.f w&tmw akwrlet ^  ^ me ®«»fi#s m® •lem* tte©# timmm mm 
gmm% m «is* 
•fee w©#4 fl&m flll«t, ®f 
Si t« St wmm' mw9 mm^mw than ail «®#pt m 
tm tk# »4« p^e-riems^-. Si««t ^mmwtm wmwm At#-
•ms:k3' subtly trm iM«r«tftm $m asA *#*«• 
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plasties mat were made in mi® 
stmiy.. fh® ir0©i., fiomr filleft were not as ®tr®Kg 
m tfe« • eei-resieatlag asfe#st<is filltt samples, fhis i® i» 
©®»tm4t#.ti« • t© mm &f t&« ir#Ti©ms mTk rew^riM 
in tfeta meslB, Mmmvm, it t® tlea# r©smlt® 
®«j tot »,zfisia«4 as f©ll.®irss (1) fh# flll©r ms-et 
i» &fet«tos S€ to il was » ai#«lal grat® ©f agl^ st#® filler. 
f0i? flasties# ^»r«&s that ms®4 ts tb« wei'k r®f©.rt«t 
Ml w&b a ®®a«©yelai #f as'teis t^®# 
©f tfe# ms®t t&r iBsalatio» work, CS) resim 
its#lf has h®m ttm&h im^TQ-wed. or@r tMat mtet 1b .s&%&b M, 
(3) A mem m%iBtm%&3py m&Mimg :ire#«titr# ma nwill im 
fr»tariBe «i# #f lat<ite.#s S6 §1 - i^®. ma mstt ia 
Bmt#k M-. 
fh# ef &ftai.Bjr t# 
was adA'®t to a mwtotr of tli® 
»«»f3.©s &t % f® il. Is s®©« it 8«#a .^ 
t@ 1>» %mt to. mthmm it 4i4 a®t s«e» t® 1® 
#iipe#tallf lit ©r4#r to 4®t©riiiiit tlx# ®ff«.@t ©f 
li®3^®t^ l®a©t®ti^ i»# (t®«i.pia.t«ft as %••»*' iii tfe« tmbtmm) 
\ 
mm the fr«i>@rti»s ©# th# fTUftw&3.«s«yt@fi»-fIi«»©l flasti©,. ft 
«tri@s ©ff siyfttl#a w«rt »aA@ im the. per#eat»g# af 
to«3^®«t%l«0t#taai»« iii th,« s«f3.#s nms/wriitt tmm 1»1 
t# f.S »#y ««»%» fttrfmral-®eyi«®»-i!t«s@l restm 
- im -
iil ia.s#i i» fretaratlem #f ^hem- »«f3L«« was a 
&f M.teh #S. @®,af#sttioiis of tl3©»« saapl®® 
a3P# Im XII. 
' 'fAMM. mi ' ' 
Ssafesltl^ Bii -©f t«st» ob aasfl#® ©f 
SS 
1' 'HOH . 
t - h A%sorb®4 
Saiifl® X l#siat wlllm % tFall .f@ s ia 24, hows 
Sc,. ;f • . • I- # I # s .lr«  ^ s #• • 
#g-l 4Sw4  ^ • s#..s 0 114. l.M 
«g-2 4g,S 1.JI M 0.19 
es»t 43,»3 SS,6 8»1 M §.M 
ig-4. tf.4 ii.i 4.0 Slf •. o.es 
6E-# Si.f 56.S i.f Ell O.it 
§2-^  si.i si.i f.a t2 ml 
toJIlBg Bp©#®4ur® 1©'. B wss mseA im tbe of 
tb®s« saafl#g,. a@j' w®!*® tm tlir®# 'amA' eme-iiajf ffllamtes 
uaA^r a p?®«smr« ©f a1&©tt1; 1800 pomAs p®y stmr® lai^ * St® 
teraera w^m «at ©ff as mmm at tl® th®?s©*tt®i' r«gist®»t 
lfi% a»i. wxiK'aa temjMtmtur® r®gi«t«i««i % tl® 
thmimmmtmw was 1S§ 1® 
fttl® HI mowB the mmXts ®,f tests rm m tb« s&apl®® 
Gf Iftttfe iS. figttr® II? waa i,mwm fmm tfats® data, Gmw® I 
of ftgttr®- XIV m0ww- the mtfmt &t lh«3»»et%l«a®t®ti«aim® m 
the wat®3? algorptien ®f t!i« ftef«y«l-sorl®«»ili«»ol tS^Rstl®., 
- Ml « . 
fte# w«t®y %m f®3r ©eat ia tiwnty-four li««rs t» 
fm the rmwmm tli® f«  ^cent of 
1» tto.# m %h% Curve It &t 
Wtgm0 Mf -^ma tfc# ®ff#©t ©f li«3»«l^lenet®'fa!«sl»« m 
m« laprntt ®£ tM 
fii« tm fe#ii«-« ef f&M %» ttt» t«»t 
Si«#« is plott«t mm eMisat# wmmm @«it -©f !.«»-
la tk# saafi# m 
g|»eassiom^> I #f Wi^ trw MW m&ws Wt9 «f 
#a «i® wmtmw absorptiea ef' tit# 
tlwfei® witfeottt 
k&wPBt tet of Iml f®!' @#»t »& t.l f«ir «#st 
th® mt«r iklis© t^l@» 
•©•Xf f#r mmt «t t.,M f«r ««Rt ia twea%--tg«y fc&itr#. 
Ill# &t mam E.i i«r -©f-
#a«««a a sll^t ia m® 
:««at«g« ©t' wattir tkmm m-mms -am th%%-
MlUm tit a «»3.1 M©wt ®f Is 
im. tb« wft*#r a%##ipfti#a ©f tte« 
'tla»ti« imt m&% mm-9 is sa ©ftlum mlm- tm miM^m wmtmr 
ft%»riti®a* 
Gmrwm M ®t .fi^ » Jp[f ^ mmm 
t#tr«aln« m «i« i*i«,#* #,f 
plssti#,. t&at tt® «tr©B#m 

« 1E3 -
wttfe m latreas# la p«y©tmtag8 of fesxaBet^ itftetttriaia# 
to the a«»fl®s» fk« aMitJoa of ao.r® -thaa fmr pef 
mnt ©f 414 m&t m& mtr-e^h 
as jpajfld:^  as th© first towt i#r ©&at, 
ffe.tg# 0lsftrl3»' ttomt tit« t^ltlon" df 
fe&s a 4#eit®t ®m tk«. 
©f tfe® »©M®4 iiat0-rial. f®r aiaiawi mt®r als©yptloa th.® 
©ptiam mm%mi i» tk# fwit-r ®eeiit4 
t© 'b# two per ®®»t, F®x wMlmma str«ftli s@f«a 
p©a* ®»at mT #*t® a p»3r®@ata«« ®f 
t«ti%iil»« sloalA. a4A«4, Wmm the -ttaatfeist of 
aeltiag :®ham«t«rlstl©s;,. aat mmt 
tli« ®ftiM® .afp««p@t • 
t® Ife® alomt f©ttr p.#!* 
It A©mlft lb« ic5iiit«t ©mt #©»4iti©ms atflj 
mly foffel® r#sla* fh.# #f 
h#i».a#thyl«s#t«tr«ila« t@ as# witli ©tlier ^©slaswoml.A liav« 
to %• •es5®fia#a'lall|-,. 
a# of &aAtii^ ' .ilastig t© th® 
fe® fmrfmral-s©ffe#iytt-f&«©3. plasti® b&m fathtjp btgb 
i»f6©t str^mgtli Mt Its r®s$stm®«. t© mt©r is aet as grtat 
as ©omit If#- A®s4y«t» larrts {SS)» CftI ma otto®!*® • 
tesv® & plaati® fr#« m-mmhs m& mmml t&at bas 
w&t0T rmmiBtmrne Itot low lai&at gtrei^ tli.' fhls 
~ IM -
itateri-al flows 1» aol4 mQ.&h Ijetter t^ »a th« tmtQX&t'-
s©y%ea^«tfe«a#l flsstl# and ha® an mxmllmt ftstato. • A 
stm% was msMe t© a®® If it ms posalll# t#"ei«W3ft# tl# 
hl^  wat®!?  ^ ©f th# ©#r»e#%-@3f#s#l flasti® witto 
til® i»fa@t st3?®« t^fe qs thm fwftt3ral.-s©yle-Mi-ph®a©l 
plastie tQ a a&tert&l saferior t© ©ith.ts' ef tk@.s® 
fl&stl®® %lmm* 
ffe# ]p«8i» mse4 In this stiAy fart 
ef m laa^g# C'®allet'ilfetito A) mt# t» t&t followl^  
®^a«i's ati'-'fey-six ifflt miz-tmm.thm yemts 0f #3f«sc>l.,. •#!#«» 
pomds 0f «©•»##% fluur, 'mA tfey«e -ani. •©©f^ m-tsaths f©^As 
Qt smlfarl,© ®©li w«r« oixaA together la a st«aa fe#a,tiNt 
lb® aat®rt&l ms lieat@4 f©y thrt« homrs ajoi. 
for%»fiir# at a #f M§ t© lfO®C> tlt« 
st#s» was ffciea ®mt ®ff aat th# was Al.3.©wirl. t© ©©®1* 
A tgrti-en of tfe« r«si» tteaa ms 3'#ii@'r#& 'trim the Mttl®,, 
is a laiPf:# tlstlXlimg flai^ , sai- all ©f tto.® a®t«rial 
ttet wsmlt mm ®v«r &t a tmp©!' li«low iSO®§ wa« 
tlstlll®ft ©ff, Ife# y«siAml ai.t®rial »« out .i«t@ s 
flat f®a sat wmm all#w#4 to ©©©1 -wi. soli41%. •r««ls 
f»ra«t was .^ 3r#mat t© pasa tteemgli & aw®'i& mmmm* 
ffe« fte:^ r&l-.80^^#8a-fh®mol r@sl» ms@t ia tbls «ta4j was 
fart ©f latA Si,, i^ lefe was freftomslj 4®s«ril#4,. 
S«®fl®s w@r# fysfared fr#« wrloas «i.x-bmr©# of ©©Ki#©^-
•©resol (Jteteh Al aat fwi!"fttic'al-s#^"b««i-pli«i&l r®sia 
C&t@h'§$>.. a© noMliig p®wa.#r8 ms©4 w®?®  ^
- lai -
t'm'bXtng al3rtmr«s ## with asl»#st©« aat 
ke3aa«t^l,©B#t«tfmaia# im a %all 
ffeit t®isp#aiti®»g of tbe ^apl®a froa tit mSjct'mmm 
©t mTmm'b''mm&l m&im ms4 y«gim. 
mitm A@» itt faW« 2XIJ» ^®s® s®atl«s w«« fer 
thre#' e»«-k&3lf mirnktm a-t » py®ss«3r® ®f rnhm-t 1S#0 f«mtg 
.t«r ®tmare fhs »0lA wmm ly gat 
w#r® m% ©ff as soon its 1?li« tfe«moa®t«3? r®gtst#r#t lfS®-e» 
flie aaxlsKta. r«gist@r»i. % tli# wm» 
&bm.t ltf-SOn®G« 
fAlIS I2XI 
e©i^ o.slti©ms of Saapl«a » Mixtwp® of Q&W&-
0©1»--gr#s©l S«i!ia aai. Jto*fttral<-S#f1»#a»«».©ael. 
mmlm 
. , • "'€S©f®00%-' •'•' } t ' ' 
Mlxti33r®t r@bin'i&tem% l#glail«3PM#ti^ lm#-5 As'fetstos 
*®. t ftrass ? ifmug 8ms»s Filler 
M-i 4§ n i SO 
1-8 S8 i » m 
Si 4 « m 
»-4 m § « n 
1-S m 10 .« n 
M-t m go w » 
10 10 w n 
*-S ' s m « m 
•l-S t 40 « m 
- -
Ih# rtsttlts «-f t0Btm on th@ safflpl#® fvmm 
aixt«f«s &t faM« IIJI ar« •®h©m 1» fall® 'MZMm. fk& mli-tr 
fol'ttss ai*« t%e awrag® of lests ®a tkr®# 
Hi# in.la#s tm tli® streBftli t«s* mve t&w tli# 
siBili® mwa*f trm #a@k alxtidr©. 
mils mm 
l#gal*s qt ftsts om Sanflss Mat® fr©® n, MiMmr® of' 




»©. t  ^
s llr««ol 
:-i fall t#. lbr®i 
slater IS'itilSi 
f in g4 honors 
tifei # 
100,.© 0.0 M q,m 
m-m ts.,# s.o &.ti 
*-S m.§ • m,q m*' o.ni • 
' ti.O' 1S.0 14* •§m 
*-© f5,0 i§.*0 M* om 
K-i S0...O fo.0 M* 0.0? 
li.»0 ?S.,0 li o.§§ 
1-8 ia»-S Sf.f — 0.04 
wm 14 0.06 
• &m "b&s#!. m the mmiuQm f®.rt &t t&« 
a«fl® @aly* 
• let 
Xf iffts timm' fje#» tli# 4».ta ©f fail# XIIII. F©r 
®wf® 1 «!•» f«iP #®»t mUr im' @mr h&wtm ts 
ms tit# mAinrnt® rmma 'tti® &mt #f #©ifa#®%-
»aim 1» reslaous part ©f ti.® as th# 
a%s®issa. fof Cmnre II m© strtngtfc is in<^m ©f 
- i2f -
f&li tli@ t#st is -fiu-ttift as' tt© 
vtrsms tk® f©f ©ant o-f @®fB#oti«®W'goi flastt# :i» 
tfe# • -mmimms -fart ©f tli« sstapl© a» tfe.# abseisss,#.. 
Bisemsaiem,* Fif®* Smrr® I ©f figap® Xf' It «aa %® s««b 
that %hm aMitioa mf fim mmt of «#r»#«l-#3fes©l y i^rim 
t# tli€' ]p«s1b i» » €««#&»• 
ia *t«r ffsa ©••Si f«jr «®at t® 0*11 f«r ®©»t- 1» 
M©mrs. aAtlti#m, of *#r« -tMtt-fiv# ©®»t 
©#»®©li-«3?#sol y#sla ffedm®®! afttittoaftl 4» 
th# water atja^rftlom ©f -^e .unfits, -fte# 
ii^  frm flv« •%© f#!* ©(Kat ©f ®o.»«#l«tr«s©l resim 
w#!?® 41s#©l«r#& oaly aligfet-ly f»a tfe# ifflstrgl-oii ia water. 
Sit® sasilts ©©Q-taiaing mor® tMsa ttftmm p« «#mt of 
•«r«s#l mBlm'iim. %h% r#8iBoiia  ^ ©f'tfe® ao t^ 
sip:p#a3r to 'a.ii}#©Jl®r©t »t all fr©« th® iffliei-sieii la w&%erm 
• Oairir# II &t Fig»r® Jf -Miows ;tli# #f sftAim# #«?»-. 
eo^¥-©r©sol ylamti# m tls« sta?@agtli of tli« 
plasti®* a# -Basfl#® &t «4# tk®8t 
alxt«JP«» #®atit|ai»g t® a%©mt ftftr fer #emt of €©»©«%• 
pls»ti« .in tk© r®slmom® ©f tk# s f^l® teofe fit® 
tvtXl @afaelty 0f tfe» tm% »®ifeime &@ 
•jiitjftpl®! aaA# fr#a Ml^ mr«s miee thm fif'% f«y 
@«B% of t-omsdl-ti-fs©! r#sim im tk© vmimmB ®art &t tto 




•fli@ jaixtmres of ©©msol-eresol resfm with, .farfmrftl-
8oyfeeiai--pfe«aol mmt&iming from fi.T® fif% fei* «#at of 
p«aia fr®tmo#4 .flaati-®s tfeftt •!&«, 
%«gt '©f r#sims  ^ »a l^@g fwem 
.ffiixtBT#® w«r« mp^Tl&T to mmplm' »»i®' tmm. ©•iiltr ©f 
3f®»las ml&m&rn 1$ is feelltirtt that tfa» miit@rial. i«4® 
falict"ttres @©ml4 %# pr®Amii'iet #®Mer0iall;r ®^a-
f#-!® wltli a mmLhm seiaereial restas sew %®tat luieA* 
fkm effect of rmcj-lmM tlie T?fa«»el. #e>at.ea-fe whi3..« mmitttmm 
th® umtmm of ,fttrfaml lat whmml 
fmrfmral.-g#fte«s«-pli@ii©l siastl© nais 
was still m wat«y F#alst®at as Is 4@sirst%l© ia ©•rt&te 
@»stg, 1» &a effort t© JMilEt it mr®. water % 
stttiy w&s aai® @f tfet «ff«®t ©f tk# flL#ii©l eomt«t 
«&il« omttiaif lii« |>?#llatBa3  ^ litatt»g of-f^ fwal 
In tlias® ®xp«rlffieats tM® iheael was &aiel t® tlni wmm. 
B^wTmma mmml ®at 11m.® im tfci@ mlmT- aad ms &ll©w  ^ to reaet 
f©r a%omt flft#ea alsmtes. Part ©f t&» fmrfmral aat a»»ffisia 
was then • aMed., 4f t#r -heating f&T aa «a.4iti©iial flft@«a 
Biamtss th# reaatrf.®? of the forfaral «»i i»w©Hia was a4t»4. 
-wmBB was for a t®tsl of aMmt .six to©«f« ta the 
.ai3E#af at a t««f©ratmr# #f a^mt 12i®C, 
•fht @©^ositio»s mmill tlrnm- ©f the tm%&h®m 
f©r this stBtj &Tm shorn i» fahl® XHV, 
. ISO -
WMM IXtf 
aiit fio«e. ©t ii to if 
t 1 ti 
&. t®h:pheaoItFurftti«if 
.1©, I Grams t ammm t 
Sjy'fetiti 
»ai 
II .1 t 
i Mm® JlffiADH: 
ifeMai ee, s 
Mm%img 'Sim 
m W m St S .^S f i f .  .  
€4 m « If. fl m »-g/f 
S5 3Q ft M « nt i-i/i 
sfi , m II w n « S-f 
Sf 41 « « n a i-i/i 
a® mmin mm iriea i» aa #"f®ii m nbrnt iO®e s»i ir#a«i. 
t@ tass thr&mgb  ^ m si^ tj Sf«r#e», h&tm  ^mMm wf tli tfe# 
fill#!-.. m# sa®pi«s mAs tr&m mm@ hmt&kes mmm saMM' 
f«ir aat aiamtss mt«f a fy«ssi»e ©f li0O 
tsmts t®':r «tmr# ifolftinf I©, g. wag. ms#t 
te ii©M tli©s# ymumTm wmm eff m »mn mm 
tli@ 1?S®C, am4 tl© mt@ @f 
w»s smell tlat tli't mmiwmm. of tfc® »lt was 
lfi-300®i» faM# jl¥ •atoair®. tfe® #.f t#st» «b tb« 
saaplts' fmm as%®st©® tiUmt Mt 
IXfl sli®w» ©©jfr^st^ ntliig data tm tli« w#©A.-fl®m» 
ttXlmS. 
izl " 
f IBEI XXf 
mt Tmtm •&» Batches St 
t# if Mait witb Filler 
•0-4 !.•, Wat#r' 
sBi#B.ol/3gj .1 s-i.sl)«st0®f Strength p 
s©y-il»sisil#»t Filler its Fall t#i i» g4 
s P % P' iftpealc , t lemra 
is ^ IS tsa 4,s Sf.l 11.6 q,m 
M B4 it « h 13.i '• -O.-Si 
Si SO « h « Ig^i ©.if 
m « w tt 14 •0 0,fl 
ef m • « m « • S.O 0.f« 
SAIH  ^Hf I 
Eesiilts ©f f®»ts Qs iai^ l«s ©t 6S 
to gf tet# wltli f#o4 f'lmat Filler 
iMeaoI f . i ife'&ll t'^ T* ImpaetiAt. "^ai®r" 
i0rafflfi/i® J 1 sFlesr jStren^h tA%w* in 
lat^lisgms, s®y-il«stttjS«miFill«rf" Fall t© sM H©^s 
!©-» ibeaa a#a.li: P t P t .# i feyeali: s # 
Si li 4f.lS §»f 4fa® S-l/S g.if 
§4 g4 If » w i-l/i g.JS 
if so » « It §-•1/2 t.Sf 
ss if » ?» II S-I/i «.49 
if m « W It 11 
figar®# Xfl •«& Xfll w«r# fr#« *li® tata &t 




im feoiyps is aa wxis ©i€l«at.® 
"fmmm iiim ^m&s •&i m##i i» tii# df thm 
3r»sls fsf grans ©f Is Figay® 'Xfl'I 
the stp^nfth Is jpl0tt^  as the oi€im&t# ' 
gyiMttS ©f |ili«s®l m®®4 ia tic-# ipr^pai-atioa #f %hm resi® f®!* 
tM:rty-twe ffms of •»»!.# 
ferr# I' ®f figar# Xfl -steifw# ©f 
tit® ©oatettt #f thm mslm m t&® mt®jr ala©rptt©B 
©f tb® plm%iw mt« $3 t© if witt &sli«®t©s 
filler* fk9 ^mxrr& inaimtms tJiat th# r»sta ®st« msli^  al©mt 
t&lrly ^a»s @f p®r tfair^-tw© of s#fl^ ®aa 
the Immt p»rmmt&g9 ©f wmtwr* fksm me not a. 
gs^mt &ml ©f mrlmfiea ia tli® watty a¥»i:fTptl®a mimes ©f 
til® i»«fl«s »4® fy@» tli@«© 'bat@h®8. fwrr® H ®f figay® Xfl 
sfe©*® tfc® «ff«©t ©f m i^mg thm ph.©»©l ©f th® resim 
OB tli« water a¥®@i^ tl©B @f tfe® saapl®s ast® witl w©©4 fl©«p 
filler* fkiw ®arr® a i^-ees t^ lt® w®ll wit^  gmnr® I ©a tfet® 
• @©ap©®ttl©ii ©f tl® r®sia tliat a1>t©ipli«4 thm lowest pereeBtag® 
©f i»t®i'. 1©W®WF, it itoemlt be aot®t tliat tfc® water 
&l>ja© i^^ ti©m  ^ mlmss «t t^ it® ki#i as ©©af,ar®t witli siy l^®s 
aad# fr©a r«»ias ©f sindlar ©©ap©sitl©m Im wfeieli tli® ir«-
Itmtaaxy Ii®atiBg ©f far f^aml, fli«a©l,^  gmA w&s set 
©»itt#t« 
©arr«s I mi, H @f 'Fi^ r® Xfll ^ mm th® ®ff®®t ef mry-
l»g tt® pl«©l «0at®mt- ©f tk® r«si» ©a tfe.® ©f ^® 
- im -
plasti# with »sl#stos «i4 wood .flour filler,. 
&M wemmXtm w®m m&t #as#lmsl.w ma the material tto,t mm 
thm s.trpai«:st witfe mmi, fl©mr fill®? me %h& with 
e.sl»@s*fc«« fill#?.. It .Aomll. 1® Bot#A tfe&t s«»pl@a 
mwm tmttf wmA as .#«afar®t wltfe B©.st ©f »»fl«8 ©f 
pr®-ri#m® It 1& ¥#li0f®4 tfeat th® -©oissl®!! «f tb« 
ff^ llalsai^  .fceatiiif of farfaral., ^«m®l» tsaaemia wits 
tfe® ®irtigi« #f th# f$#r mm^lem tmm tk««« 
»ff@et ef .o®mgeli«'®r@aol rests wit^  fitrf»ral~ 
aoyl>«  ^resim 
Sia## a amll ©f r@®ia «am0#t 
a :iisr]tes4 i««r)i.»0« ia th.® wit®r .ttls©rptl#a ©f tli# 
. flastt® it Wits th.@i0 t^ tl»t it »lglit %m 
f0.8s.tM« t® ®li®itt»t« th® .a  ^ f3p©tm@# a 
-wat«riroof flastS® fr#« a aixtur® ©f ®#r»®©%-»«s#l r«sim 
aaii. fbi® w®mli tli© e#at ©f 
th.® .®at«rial m ^@ml is #»« ®f tl® 
of til® rtsi». f@ tfy omt i^s it®®., a 
•«f mterlttl, eailtA lat^  iS, w»s «4® frt® the f®ll©wjte|: 
:i^ t«.f'lal»i. iS4 graa-® a®al., 4i0 gran.® fmrferal., 4S 
gr«®.« lis#,. «n4 fg. •@e:.» omissi-Bm :^ 4r®3Ei4«, 
tte »t#riai wft# tm kows at a t#iip#rat«r® ®f 
al©mt 1I#0 ia t&# *®r»e2r- l^«lter .tyt# »i.x«r. 'fele BatwSal 
•ma with «©m»fe-«r®s.ol r#siB (l&t^ A J t© troAm«# 
- I M "  
mmipxm #f tin© ©©aifesltioa mh&wm 1b 
mmm m-fll 
®f Saaflirs fmm. MMwm- #f 
§r#»@l l#sln mM. 
' :S©yMaa 'ilSmee  ^ "' s 
MmtwsemMmin  ^ l&tA ter^a©! S®sim MlXm  ^
1#. :68. Gmas s:fet®k A, s 
1-10 4S § m,§ 
1-11 •44 4 m • 
whxm 40 8 « ' 
• M-li 3$ ib « 
M-M m m n 
m-w It IS n 
l-M •§ 4® « 
mmXm aat® fr@a alxtmr## 1-10'te 1-li w#» ael4®d 
MelAiag Bp'Q#@tmre Mq* $• 'fb® aoMist tia# ms ^«ai. 
f^ ^ss-af® mm ISOO 
l#m4s p#r and tk# aolAlog wm 
&hmt 3.fS-lfi®©.» w#r® ©mt ©ff go®m, mm 
CTIII mkmM f#salts &t t#st® TWO. m 
®&apl®s t&® iBtxtw«8 Qt fa¥l» JXfJI • • .Fignf® Jill 11 
wmm Armm frm tk#s# 4ata. W&r Canr# 2 Wm mtm aMmptim 
la p&r mmi la tw«ii%-f-o«r li©mrs Is p3.©tt^ «i. as tli# 
rmrmw the per mmt &t ^ommh^m-moX resin ia th# r«sta©ms 
part ©f.th# mmplB b& tli® alslessa* W&r Ouwvm 11 th® iapaet 
- im ". 
im iiietes -ef fall to hr&tisc thm test fj|®e© is, 
m m® ©.3f4i»at« rmrms tl# ^  mnt .@0ra©©%-$fts©l 
,r«sis iB me r«siaoms -part of tli# saapl# a» -tfe# a%ji®i«sa.., 
wmm OTiii 
l#»ialts ©f f®sts m &atfl@s Meltet from Miartrnr## 
. ef §®m@«l-Cr«sol KtaiS' asft Fa^1iml«S®f'b#aii 
l#.®i» 
;Soybeaa s Gresol :strength A%«» is 
jii:^ t«ar»s. Eeslm • t l#gia j Ib, J)r®p t© ? g4 li®irs 
Bo> I ji* I #» : Break i _ # 
m-m 10© • • §  M 
m*ii fl.f s.s 111 1.4f 
K-IE 16.f mh 0«i6 
.»-ii ft • s®...o 11 0.4i 
M-M io m m 0.©fi 
. ss m s| Q.m 
1-16 0 tm i 0.01 
» »©t«s lfe@s« t®r#eEtmg#» ar« f®r tfe# »sistm» jarfe ®f th# 
mwmi* wmlj* a# s«il©s all ®®atain«4 it,6 p®-r mm% 
asl®st#.s. filler p#r @«»t 
ligqaasaioit* froa the tmrr® of ligar# rfllX it tgf® 
««« that tfe.« attltlea of «©r»#iil-@iF«s#l r«®i» t© th® farfteal-
0©y¥®a» resis proa.m®«A a aarkeA a.®®r«aiMi. tm th# wat#? 
amserftidm* twenty per ©eat ©f plasti® tm 
t&® r«gl»©«.s pftrt ©f ttoe ©aail® %lm w&%m a^8«rftSoa 
tmm »©sr:ty fowr- f«r ®«at im t«»atf-f@wr tow# t® a%#mt §.i 
f«r ®«-mt Im tw#a^-femr lewrs* 1&® mf©r »teorpti®m A#®r®R8®4 
t^ -a f^~r--j<m.rr^^^  ^ ; ^ "^• 
\jp^ /p}'i/^ , 
*11 :[: -|.r;-p-; -I - :-
iQ[:-4l.. . -! —  ^• i—|- — j- -
-<;s.%-..i-..-.^  J.l :l-i : 
:  T  . • • • ^ 1  ^ 1  
S  ^ t • I *•; '• I" '• C>Ss ! . i 1: '^ 




• r ! - t '  
'. .1 : • ' 
i 
i «0 
,L4.:-::i .:|.  ^
5 t t e  
1  /  !  • ! ,  
l:.i.l 
-L—l_,4_ ,4„J.._-,.^. 





--  ^ -i-m 1- .- I- - i- -I .-:, 
-r'tr-r L 
-j'- •-^-.------•f^ -f;--r-: J; 
i-t-T"-:-1 
- |._^_^r^ ,^,|::^ ,.|j^ _  ^ ,.._|_„d .^.-l-c«_j^ ---H ... i... 
- 1S« • 
m tto# ©£ mTnm'k^@r9ml rmln in tb® rmim^WM 
yart ®f sem^lm wmm im-eip«aa©t« &# saapl®@ ®o»tgs.lfiliif 
®mt or mom ©f som«o^-creso.l r«».im Alt 
»©t il®®©i©y ®b4 »«» afpareat]^  mftffeoted V 
ia wat#r 3r#r tw@a%"-f©mr 'feomfs. 
Ca^vt II ©f Fl-.fmr@ Xflll tlx® effect that 0om««%-
0r#s©l r®«ia hms ©» tto atremgtii #f tli® 
lia#ti0. lfe« fmyfa?al-a#y^«aa, plaatle % .itstlf was tat*-® 
w«®4» a»i th# aMltiea ef eo3?»©o%-.'si?ssol r«l» mp to abomt 
f«y ©®»t ®f th® r#simems psrt ©f the saii®l# i.i4 set , 
@@•9 t# hm% moh ettmt m tfe« sty«attfe ©f tb® flasti#. 
ik@a mm %hm fit^ f»y stmt ©f flactl® *»# 
tts@4 im tfe® rmlmmB part ©f th.@ tk# sty#»gtk of 
th® ®&t#3?lal 4«®i"«&set as th# p®r®#ntag® ®f •#o«i0®%*-#i'#sol 
resta w&® l»«r@asM# 
fli« y®©mlts Ao«F®i. tfcitt It was pog..»tM« to-  ^ pi^ eAm## 
m water Mslstiat f3r@a. a ©f eamert-si-es©! 
3r®«im «t -fiKrfaiml-ssfbe  ^ Im© fmrfttral-
®®|r%#aii rtsln msei ta ttels stma|"w&s fairly ifesk,^  oai ms a 
th@ @oa%i»atloB, ®f tfe® tii»' »sias was als® If 
a strepfur fm f^a«l»€oy%®aa @®mM %« tlt« 
tills ®f wat«i'pro0fiag it p3P©4m®® m 
fk» #f rmwiMM th® mm%mt <§t the 
- 140 -
la 'wm effort t© pm&mm a fsrfiiral-se^ lfeem 
rmmim tt..an tkat m»®4 $m tto &t siattmrss 1-10 
t® $w© m441ti©ttil w®.i»® siaA# t© stm% tta.® 
#f nmtying the #«ai.t#at ©f tk® farf«rsJl-«ojfe©Bat 
«sla. fii« eoap-esttiott ef ar® sboua ia 
f&li# XXIi:« a® @e»p0sitioa #f iS- is. als# f©  ^
«iat&rJl»0a# 
flBIS' SIIX 
Coap#sitiom i§ %& f§ 
»sl ' s iMmmim s 
t §rams s &mm0 i. 0ei» •; ^mm 
«t# 40 St 4 i 
6f M IB 4. i , 
?0 ss m 4 € 
• this was tkm »at«irial m'S«4 la aixtmi'# M-10 t® M-M» 
*» fh® TaJ.m«s a,l®w &r» ©aly tte# &f »t#rials 
mset ant mO't the sftms,! tiifiej®!., 
ml&MM pro.©#Aw#» ia*f l#s i»M®t Jftrwi ttlxtiar®« 
of with siK^ p#f '©silt .«rS%»©at#« mstug MulMmg 
lro«04'"ar« !©• t» Mo-Miseg data aat 3r«smlt» ©# t#«ts ®» 
saafl.©© feem tfces® sb^w ta f&%3.© 'I2£. 
141 
lloldi^ ami lesmlt® @f tmtm m. &f 
mtmrn ®s, St» m& fO with Arnm^m wnim 
: ' ' 'j I t ?la^ao  ^ s ; 
sMolAiii^ s]fel41»gtMaMis# ^sAtosorptioa 
S^l#s fjB® s; t«p, jpressuarfifall to tin 24 li®mrs 
lo* s Mia. ? Breal: # 
60-1 2.S IfS-gOO 1800 12 
fii-t M l?i-200 «r 4,ii 
6S-S lii-20f « f 
68-4 » lS€-gOf » t*Sf 
i8-g w lfS-19f n 11 
$8-e M' Ifi-lff ji t.is 
Sf-l W Iff-lfS BIOQ i.«g 
6f-t M If7-lf3 M IS 
6f-$ « 180«lff « i^ .gf 
6f-4 n 18©-lff n 18 
if-S m Ifi-lfi « l.it 
if-S m l?§-lfS « 18 
fo-1 m iff.goi « BO 
fO-£ !f l??-g{)6 « 14 
fO-» M iw'im n §•84 
fO-4 » IfS-lffi « s.?g 
•fO-i »f 1?S-191 If 
fo-i « Ifi-lfl ft S.«8 
- Mt -
3?lsTOsai#ii» sasplsa #f €§ wtr# a«lth.er 
mor reslstaat- tO' th® a#tl©n ®f l#w©wi'.,, as 
was ^owa Iby tk© •fesmlts te fall# IMtll t-t was fosslfel# 
t© i.@«refta« th# fcyeemtag® «f water tof th« 
attlttom % sa&ll itr^eatag® ©f ©om@#to--#reg©l resin 
t@ tk® far3teai-8©y*%«a» re»i«. fbe m&Mplem of 
if. t© fO w«r# «tf©iig#r than tbos® «f $S. ®i® s«ipl»s 
(Sf l&tth if w«rt: mom watt? f®slst«t thsua. tfeos# of 
f0 «»4 wer® ftlffiost as mtrmm* rtsalts, 
lii4i#&t« tliftt t&e ©ftiwm fwetm&l tl® fmrftoal-
s©yl««wa mmim. is g%@ut tw@aty-#tgfe"l gmms ©f farfaml per 
thlrty-tw© g3r«s ©f ae«l. 
©f J»l&stl«s .fx-oa Imti&m Mtst-wfes 
. «f Sora©o'fe-er®sol leslB ssA l®slns 
flit 3f©ai» A) nsft la ttoe 
farsllom ®f llttiirtS' M l^ to 1-1® w&« so»«wlist •xpemstT® t© 
sal:# ®ta@# & j?at!ier -pm-prntim &t ©r®#®! tO' 
was mset 1» its ir«f&3pa-tl©s« Otber s©m«®l-0jr«s©l, j-^elae • 
MaT# %#eii mM© wtetefe mmv^ @li«sp#r t$ pr®iar® tfesa 
lateli A. ®»«s® y#glas w&vm als© reslstRitt to atttoa &f 
S«a««, It was fl-sslrmilt t© the tffeet ©f mix-
lag ®ae- #f t&# 1#@® ®xp@asl*r@ 0®r»t®l-'«rssol with, 
fwfmi'al-so^^eai'-phemol rtsim m farfttml-so|%®as fesims. 
•Bi# #ioim€®'b-©:r#sol. r«slB mset la tlil® &ttiAy 
. - Mi -
Bat@li B) was n&A# la the followlmg mmmmt 0»« • aat 
iiis«ty-ea« grs»s ®f. er®sol tliii-ty-sSaii ef tilmt® 
Cltl) salfttrt# m@li.'wer« 1fc®at®4 t® Ijollliig- in & mwoA. "feettoa 
'Oa® UmArei, aaft tMrty g.rm»® ®f -eomceli (appy©iEi«ately 
40 a«-sfe) we» ati«t te the aixtmr® ta the flask. Ife® #olJS 
w®m ®A4#A iB tm grm ImTmrnrntm at ftv® iaterrsls. 
fli# alxtmr® mm& li®at#4 at 110®C ttnter r®flws. f©r a.fpr®-3c-
iaat#ly tw© liows after tfee last ®f eemeobs. Si« 
mmAmmm wm mmmei. mA tli© Tiae^ms ma.mn ia the flasks 
w8,8 h#at#i to 2Si®t. ffc# h&r0L, feplttle mmin f©r«#a % 
ii.ll®wi»g this «as© t© #®©1 was gromft to pass thr&ugk a sfjcty 
a#sii #»««». 
fa%l® 2X2J irti©w§ til® ©nap-ositlms ©f -mrioms mmplm 
ast# fr©a aixtmrts ef 3at®li 1 with mrloms seyltaa ytsis®. 
fAIS ygyT 
€ottpositi©a of Saatples fed© fr©a Mlxt«r®s @f 
1 with Vmlms S®y%si^  Itsitts 
t ^ y l i y a a ' ^  
I®. t IQ, s feamsf I©. J : 0reAS t QmmB ! ! i^ aa-
M-lf ss m 1 11 i 
«-is m iS B 11 $S © 
M-lf tf gg B Eg 66 0 
m-w fO » 6 io 0 
- IM -
saaples ©f alxttti»©s 1-lf t© w®r# b©M«4  ^' 
aeltimg p3?©««dw« -»#. g. laWe XXXII sli©w». neMlag iata . 
aaA rtsmits «f t«sts ®a saaples »a4© fr©a- tfees® aii:.tw®s. 
fAlIS mmi 
Meltiag B&ta aat l#»alts ©f fast m saaplts ©f 
'MxttMPt'S H-lf t© l-SS 
TKIiF^BEir 
fia® s jfx*e8am|#-|Str«ttgt%  ^ • lim B4 to^s* 
lo« I Ha, ; Q'C  ^ iV&ll t# tereate • #• 
*-1  ^ t| ifi-goo gioo m* o,m 
M-18 a| ifi-ifs gl0O to i.,gt 
a-it ifi-ifi 1100 11 1.11 
.M-BO SI IfS-lfS txm 1S.»S 1,-Si 
* l®.t lrolE®m, 
iotti »«lttag temperatufw repof^ tet mm av©raf® Talmes., 
Blsemssiem* Mtxtmr# l-lf »4« fa?©*' a ®om%ia»ti©a ®f 
litteli. SS «d l&t©h !• Sis siafles «©Met fy©a mis Elrlur# 
were mtrms as %hey w«r© mot hmkm, % 
ls«b®s «f fall sf tlie fiT® -poTOA wtt#it. water a%0©rpti0» 
wa® 0.-i2J e«t In feotts-s a® eosp«®4 with 
Q,S4 p«r ©eat in h#mrii for tUm ammplem aaft® 
fr«a th© ^®s-tn of lateh m &lm%* mammew^ m® ®®rseo%-
#r«sol rtsis mset was ®1^e-ap@.r tfeaa tb# r®si» ©f iS. 
fills alxtTi^ ©, resmlttt Im « ©li#ap#r simsti# tfei» 
eoult %e asA-t trm §i alc^a®. S#aw» fr«ij tli# stmd-
ftlmt &S styeagtli, wat®i* resista»e@, ®»t eost» fe» saaples 
3 ? & 
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aslbe»to« iS.f pea? e«it rmln, m& i*6 ler mm% 
]te@3Eft»» t^teylaa#t«t3?®alaa. MsMlag tata. m& ©f- t««ts 
•m t^ ©s# saafles m-w Bhm& la falsi® xaif, 
ai»s© mm l^m mmm aeltti. "bj lr©e«tw« I®., E. 
Ill© 0tapl®.s m©t«k«4 ia th# @«Bt#r % a®«s sf & 
lia«k8»w ms,ta# at #3L«f aad# ©f £»@li %arg as •& 
gttlt® to- til# t®ith of til# aoteli, fit© temsll© 
gti?«gth testa war® 1» m r«falsr t#st of tM 
tamm man 
le.ta «a4 sf itreag-lfe t#sts m 
ia»fl«8 mt Mt&hm Si t« St tr®iag *#ot ?lom  ^
'  I f '  f e w s " '  '  • • " ' •  '  * ~ r  
? i0y¥@sm I fiiaf«3fatm3r«i ft f#»sSl« 
Sample jM«al/SS s : Strength: St^tnclfc^ 
MQ-.* •!«««. •1%*a!-/4«~» Ifca./<«» 
f-56-i to 181-gOl 
f-56-g g® 180-E04 Itel Mii 
f-56-S 30' 180-200 i4ii^  
f-57-1 iS lS0-20g IMS 
1-57-t Ei isi-goe gSiS 
f-iT-® g# mo-eol lf4t 
f-SS-l ii £806 
1909 
f-§S-S m isi-ifi ££26 
f-Sf-1 m ' 18CS-lii 
f-SS-2 m lgO.gQ0 itso IflO 
Si 1SQ-S01 issi 
mamim %§m »®. t©y 
sfmr# ia-» 
• 'a® letter *1* l®f©y® tMe mmlw ©f th# sa®pl# 
Ifeat, tbes# saapl®® m%T9 la 'Jlsli. B©* E a»i- w«f# 
«S0A for ttnsile strmgik t®sts. 
. MS -
f ASIS XXUf 
mMim Stsmlts of f#iisil« f#sts m 







•f s s 
-H&Mln# ;f«ssil« i 
• s f«»»: Strength i 
t :lba,/in'^ t 
feaifli# 
Ites./ia^ 
f-if-4 Eft ifS-lfi urn 
f-67-5 Si mm iO0t 
f-57-.e lfS-lf4 Iff s • 
^•§S*4 S3 1T5-194 S855 
f-SS-S tt 180-199 39E4 lias 
f-SS-€ 12 182-gOl 3004 
f-§9~4 ii 180--tO0 isli 
f-59-S 16 It0-lf8 ®iis i#?f 
T-SS-S . IS iSO-104 40if 
* Meltlag tt«© i| ai«mt#«. miMm  ^^mmmm ISQQ »s.. 
ptf 
a© #»T«s ®f Wtgmtm MI. wmm &mm frm tM iata #f 
ISIf a»& XOT. f&e teasll® i©mi» i®jr 
®taitr« t»#i 1® a# tli® oy4ims.t# 'WSttS the fr&as of 
rnm^mm mrnl aftt#!. t© tfe® pla-stl® f«r BQ smmm at 
•farftt»i as til# »%sels0s. -^rv® 1 is f©r w®'Ot fltmr flll®  ^
ss*fl«s Cmrr« II- fs-s* fiil®4 »«p-l«s. 
Msemgaicm* Cttrr# 1 it ©a» M 8##m tliat th® 
strengtli of ths w©o-4 fXiimy fill#t -s& l^as 4#«r®R»«t 
&» til® frep&rtlcio of a#al ti»04 in pr«pamtlo» 
©f r«-sia was iB@y#as#A, as^est#® fillti. saafl^ -S 
imm&Brn 1» str«»gtli m tfe® ©f a#j^ «a »»1 
ms«A Im tb© f^ efara-tiom of tlie was Sie 
1. 
: T  
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.as%®stos fllltd sajiflts w®r« so»ewM.t str©a«®r  ^ tfe^oa %&• 
@o»»8f®»iliif w@ot flemr 
fh® 8®tml mim®8 tm th% ttasll® &t tfe#®# 
rnm l^mm Amli. %t motsA* S#«e of the A tensll® 
©t »%«mt 4000 f©mts f©r mmmre IbA*. It sfeemli 
••ilso "b# ©mt tliat aettMag tli® •a»flfts w»:k»»«A tMa 
^aai t© give mlm#s 2.ow@r tbaa w»mM hmm l«-«s ©MftSmtt 
with s&sfl#s mmtmmt mom &Xqbb1^ t© sfeaf#® 
mset tm 8t®«l ©r tli« imperial was 
t^w#« ftgit 3&W8 tlxat w#yt mot ttlf-all^ laf. 
a« smft@m w0» S0 sMjpt tliat tMs fatter lisi 
«ff#®t #B tfee result® Mr tit### 
f®as@a8» me str#agt& rmmm sfeemlt 
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lre&«.0'll©B anA ©f Bom® Coamereial pissti## for th# 













«i&s% {4) $s«4i m 
©tiers 14) lO.ggi-IO.Si U) 
Ctllmlas# l i )  l«ss tbtaa fm 
mllnXmet 
Ci) 
i«llmles® a©#ta,t# CSJ $o.4©-io..s-iCi,«) 
©ftllml®## ? •0.i4-ia,f4 ill 
f' lO.iO 
1,000,000 (4J |0.4§^ |0.fiS C4) 
t,00©,000 $o.m (4) 
m^&TiA0 msimm 14,SM,ni (41 f 
,Br©am#ti'0a 
•Si@ f#ll©wiag RRftot -pwtati^ Bs w@r# m«<it im tfe« 
l&tloa ®f til# aateyial ©©sts of tto® seyieaa. fi&gtlns Clls 
Seyitaii a«al f«r 
fffipfmral O.,0# 
rnmml b.im 
* 0r«s®l'Ci*@slB gifmt®)' §*OfgS 
J^oadsla (mt#3 O#0ifS 
Mb# 9.00#S 
• im 
W©o4 flew (100 1% 
O.OIS 
mrnrnhs ©•0§S 
mU ii®»t , 0»&0»iS 
l&t fall®wiag ®ali®lit.tioag are fmr %hm vm nmttrial mm%m 
•©aly of tlif farfwra3.-o^^»aa flastl©s,» Ifee pri-i«s ©f 
©litaleai® «« »ark»t t^ otatio^s .MI4 IS a©s-t ©as#® to s#t 
taoima# tmastoytatiom Aar«®s. fkm mm% #stia«%@s, tlier®-
foy#, ms-t %9 sensitefet ms aiBia j^® •tftst flgar#®. 
.C&ltml&tiQm #f raw- #f th# 
assisi Si' 
gt0 lib* »®al e .|0*01Jlfi • ll.Sf 
in* fta-fttMl ® lO.Of r gf^ fO 
zm 1%. f!i«aoi ® $o#i3i • 
ft 1%. aaaQaia ® lO.OSSi 
ss »» ii»® m l0.0-04i 
f#tal i#st 
• 4ai 
Xi#14 #f 4rl®i r#slm « tfO.S lis. 
e§gt ftr »• of r«sl» • IMaJi « tO l^Off 
670.5 
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f»M« sfeows the wm s&tsfi&l #$st8 0f w©©4 flow? 
sM l^#s ,ie©l4t4 tmm tli« resiiis ©f ii t®. St.. 
HXfll 
law 6©®ts ©f farfiiral-ioflMi®i»Bi®ia0l Iteltiag; 
p®*€#rs wltto le#& Flour Filler 
Vmm% gf _Slsgial 
mttwrnw 
I $f 
l#si»# so i¥s* 1 $*39 • $ i.Oi i 4.f.S 1 4,4i 
t©#t fl0mr, S© ©*st ' 0.,€f . §•€§ O.ff 
««#»«.. 4 ll»* , i.io' i^m 
fetal ••©•St fat'104 %%» 1 f.ii 1 f»M I f»f4 $ § «4"it 
t#st mT 1%#* fillet $ ©,Ofl • e.ots- $ 0 ,^.«iS $ q.mt 
SB. §?• i..if 1»4 l»m 
i©#t P«2P ft# $ 1 S,86 1 e.6i $• 
t&%M SEflJI aJi®w® tk© jr&w mtarlml #p8ts ©f %h* 
fill#!. 8faifl»s »©14«d trm ii it. 
- im • 
vtmM ixiflll-
jp0wl®i' with As^#»t#s filllHP 
s' 
1 $$ 
5 s Salil 
t if s m 
•| Ui-^' 
t if 
l®slm, 40 l^ a^# $ 4^m $ 4»m $ §•«! 1 i3f 
As%#st@s, iO l'bs» 0.to o.m 0..fo O.fO 
»«E#2»®. 4 1,10 i^m i*m l..io 
fotal «®at ftr 104 
filled $ $.m $ «*g4 1 i.Oi t 8.ff 
€©S% ftlf 11*. $ Mm 1 o.ofo • &,mn $ 0.055 
Sf# ©y. 1,.S4 l,Si l.,Si l.Si 
eo©t f«r m* ft» 1 fai 1 i.,il 
C&jLemlattoa ef mm mmtn th» 
lasiss Bst#!' a 
i€.#i l%s. mm&l 
3.3-© lfes» 
g«f Ifes# smlfmrt® atlA 
1%8# w«l^ t 
fi©lt » m per mmt #f t©t&i ®f »at#risls ms©4 
0,&5 X Sl*i * r®slB wl;%k @x®«ss #1-®®.©! 
- im « 
,gS «#«8s er#sol was ,i*e#©ir#r^» 
Aetaal yi#3.a ©f rtsiii • CtS»a)CO»fS) • gl«lS il#, 
gmsml c CSe.iXO.tt) « f.Oi 
•Gm&ol ms«t. -• ti...S - f ,.0§ « gf ».§§ i^ s. 
S&lsmlatlea e©stsi 
af.SS IM* mm&l © $0^,0fti «« $ g,fS 
3,1.0 l.fes.« @&fm#0^s @ $'Om'OQ$ m -•©§ 
•S.f lis. salfttTle a@it 
« $0*OOSgS » .OS 
I' g.ft 
f@s-t p#r p««at m jg.ff • $0,l.Si 
Coafositl®! Ifl lis* «®sol 
ISO ils». mmmhm 
MO- lis,, salfari® a#it 
Ifl Ihs* &m»l # $.O..0fii s I !?•$? 
ISO Ifes# ©©im©®%s. a t0,t01 ©•» 
t© 11? s. sml.ftn'l® «@lt 
® t.0,008£S s , Q>iy 
$ 
fetal yt«l& • til.S 1%«» 
Cost f®r lomt » llS&Si • $0*0fm 
161.1 
» 188 
©®«t of p®iiter fr&m Mtmh It 
.0.4 llbs» rmim @ I 0#0?M • | 0.S9 
0.06 ll)g. a8^®gt©s f lXXm 
c- IO.01S « o.-ot 
eost s#r t©mA • $ 0.OS8-
Qt mmt rmiM 
:]^ siss if 
iSi Ife®. tm'fmml e IQ.O®' _• $ SO»M 
.iS4 11>8, sey%®aB m&X •©lO.OllfS » i.Sl 
m IT&e, lta« @ -|0*004i • O-^ tg 
iS lis. e $0.f^ 5g5 « %-«.41 
# ' 2® •" 
fotal « €S« j|^ » 
C©st • l0«-0§ii 
• m$ 
•i®st qt ' 
Bftslsi mx^-me I-IS 
ig i%s» ©©•mcob-oresol 
C&ttA 13 # I0.0?g© » I 3..«.iO 
gg Itrs. ftaffi2Psl-gQjl3«a» 
r«sl» @ Ite.OiSft • • i.lt-
fee Ite». mmbmtm © $<5.,01i «• Q«tf 
110 Ife#. I t*88 
p«-r totmt is..Si « $ ©.OSSi 
jaf 
- lit -
•@C8'I of th» B&l&taa: wm& i» 
%1m #f l^ e Mat Bmmlm 
mstmi mtxt-mm M-lf 
is Itss* fiirfural-soi-lFeaii-tfe#!.#! 
mmim (Batch 58) © |0,Oti « $ i,M 
11 l%g.. ©©3?»@ofe-@r«s®l r#8l« 
# •O.Gftg - ©..Si: 
§« lbs, &8%«.8t©8 filler « $0»01S « Q..ff 
€ I¥8.^  8®a. @ • ago 
lift lbs, f0wt«if $ f«0f 
0©st p«f f«nia4 • t f.«Qf . S $ ©•Oil 
Hi 
Msettssi# ;^ &© mw aatex'isl mnt& ®f t&« fmrfmml* 
s®yle«»*»fc«a©l r@si»8 ®f 66 ©f ir«rl«A froa 
tO,.l®i to $0*089 f@r f©m4.» felAjBg %h®m 
rmtm mmt £rm $Q»§fl t© $0.§iS f®f f#m4 wim flf% f«r 
««at w©o4 flomr filler asi. frm %© IQ.OM p<ir j©ti»A 
ifitb asl»®st©g tillmrn Oa the p&m& hmlb tli® s,s%»8t.®» 
f 111@4. po-irt«r msts l»ss tliao tli# woet tXmxr flll«d 
H®w«v«r, t#tsmss mt t&« lii^ er teaBitj of th® 
fill©4 thi# sa't«3fial «oli.®a tvqm it is aor# «j^ emsiT® 
p©!- mit «f volTO# tlim» «i« 8»apl«s adl4«4 frsa tfe@ 
«o»«0fa»ftlag west • fl©«r fillet f@w4#r» 
fkm «-»®t ©f till® e®jm©©%-«res©Jl ptsla. ef A w&m 
|0#lil p#r p#m4 aK #©a5ai*«i with. $0,§fii f®«a4 
- MO -
the TBMiM ©f 1, 'ftils Aiff«r©n©t la ®©#t m® 4m# to 
thm tmt tJiat & p«r#eiat#g@ @f mtmrn l^ m.m a#®i in %%& 
freparatloa ©f 1 was asti tm iattte 4. 
Si© •ftti'fttral«s©^lwiiRa r@sim ism mm% 
$§.•©§88 p®m&» MlKtmi?®- *-lf a&4# tmm tiiii Fistii mB% 
m&iy $0.«®-iSS i«r 'Thtm tosw«'r®jp, wms a©t m 
mtmng »s the toest pl&stl#®. 
Mtw a&ttrial m&tm ©f %hm mttyiiil. @©»sit®rt4 to %# 
^h« f^ f^ »i«>s#y¥««s il&sti® aaA« Is tMs we-fl: wft« 
fO,Ofl. f@:r foiMA# 
- ISl 
smmm mmmmtm. 
f&#»# was a -gmmt v&rimtiea is the Mm 
#f th® various realms aat« In tM« B&mm ef 
flowed rmMly mpm mppXimtim of Mat eat p»#«3;re, 
while flowed l»ss «®t tit »#t ®#afl#t#ly 
mrer tli® fill«f:» ffa#. thmt tlm&i. momt 
w%m tH-es# tfest .f©#s»gs«t tb# 
giirti©!® all# of •mwi.®t 
ffe# -mBim was groiKd im »©st @as®s\t© -pass '«> 
atx% ffitsli fc#!i ef t&® aat«rt«l* ms 
ffi-aeb timer %hm sixty »sh.* It was Botl0«l tbst if th.® 
»at#yl»l w«s fairlj «©»r.g# is®t w©ml4 |»@t fa®s » 
sixty »#si s@r®i» it tii. mt a®M as w#ll a«.-tfe# emm 
gm-m^ t© f&ss tbFom  ^ it. lOO mmh Bm^m* It i.s 
%®li#v®4 that this ms ta© t« tb® f&®t tliat tfe«' r#®ia 
itai. fill®!' #«mM. %«• aixei a©r« tli#if®mglily* 
gleaw^# pla»« 
Oa« th« tiffi®ulti#s tliftt to.as #»@©mt«f#t 
•» ISS • 
ia in tfel-a stmty %m tk»t 
«f tfe# tu aslA mil ef tk® ttar-ia .^ J», 
s:os# «f tfa® saafl#® m 4©flmlt® el«avag« fl«« tk# 
0mtmr of th® sMfl# was tewlop«4 &mri^ th& mlAim tr#«#»s, 
this, flaa« m&t wltto tk©s® 
a«iles »©ltet % l©Ml3sg Imtm&nm I©, t, fhe %#tt©ir 
s®i^l®s M&At in this -atmAy, teewewr, tit act hmwo tM® 
©Itamg# fl««» 
A grm% TWlatioa Im tli« finlA aMmimeA m th« 8«.ii^ l«« 
tmm til# vaylTOs %at^ es w&i aot#t» S©b« ®f tfe@ si«fl«s t@oJE 
•a kl^ p^liBh Mirmtly tmm t&« ii©14 wM&h eomM %• 
0» tfee oth.#r hjnift, ©tli®r s«pl®-« %©©k m 4mil 
tmm tM a#li s»t 3?«aat»«t fairly tall mfm &t%m 
3&m- m® with. tb« pewter sti«WLmg t& 
thm ®®lt» S#®®! «f 8®!®!®® stmol: all mm %'hm tmm #f 
th« a©lt.|, ©ttors mtmk im larg® si©t», and s tm stm©k at m 
Irnrm ®f pla#e® %mt ©mly im mlamt© spots, test ©f 
tm «^1«8 4i& »©t mUm. stiarate aat 
mtlft wmm iBelm&it In ttie t® alt ia prgTcBtlag 
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m % iyeing mm till#? with anllia# %la@3£ %«for® aftdtag 
it t©' tfc# resia, mbs  ^ of the MBmples »6t« tmm. *la:tw«s ©f 
•i®y|j«sa. rmimm sat •@©TOeo'b-@r#s©l rt-siae tii. sat i.is<isol»y 
fr©a laaersl#a ia 
Gas evolution 
Bmrisg tfc® aeMing @f s««- ©f tlie aisles.. It ms moti©«4 
that ©oBsiterafele gas.was «to1t#4.» Soa© ©f this g:&s «s©®.jf©i. 
itTO'imt til# flmg©?, Imt is ®a  ^ »s©0 tM# fr»8smre- ©a tk® 
sajifl© iaefeasti. a© tliat it was t© r@i«as@ tlt« 
pi-esstta?© t© allow th.« ^mm t© ®s©aSf«'# -ais gas was 
alsr toftfptA im witfe tb# ®a l^®, w&t«r mf©r ©r gas®s ©T©lf®t 
f3P©m 48©©af©8ltioa ©f tfe# li®3affl»tl^ l©a«t»%y«la# or tli® 
ip®8im lts©lf» 
]pg©:f©CTfj.... 
A awfety ©f saaplts wer# ®©ld@A tmm ia®t@ai._ 
©f' tto® i®©s© pew&mr. $k@m pr@t&ms w«» mat# %w m-mm'tm 
the tty im a wtlA at a pTOSsmr# of a¥©mt 3OO<V60O0 
p©itta4» f«r in©ii t© fo» ils®s •»l©mt l-l/S iii©li i» 
ttam©t» «»i ©f va i^ag tfci^ «ss«.»* • Bi#st fi?e#emg w^m 
»a©li #®feSi©ip t@ haaftl® tiiaai 1^® f©wi.®3?, tmt ia' @«rtsiii ®a»®s 
^^©te®©! sfoifl®® that wti*© imfeyior to tli©g« tmm 
ths 1mm po"wt«r. 
- im 
MmormX of mamlwm 
Altlioiigli tto# flastls 1« 
themes t^tlag wfe®» pr€sfsr«&. It w«s l«gt t® 
®ool. tto-e aol4 ' th# saapl#, a •i.tmp or two of 
Imteieatlag ©il ilao.#i. o» th.® •fflw&gmT wMl« It ms still 
b©t fattlitat®& tli# of the samples fr@» 
til# »olA. fll® also p3?«ir#mttt tkt «o24 fmm t^rmztrng  ^
s®©rliif th# Meek ss tli# was r®ttoT#t,. fli® molA 
m» thj^ TQ-ashly &ft#r ©aob s«fle' was a©M«i aai 
Imrs tcvftlopeA is asMag thw pre«ttiiig .eaaplts w«re «a»fall^  
r®iBov@t 'witii sajAf»p#3f qt eiotli. 
festta  ^
l&t#g alsBCTtiom* So st&adart aetfeoA of .ramlmg tli« 
water at>s«rptl©» ef plasties has 'b«#a nniir»rsally iAoptei* 
ffa« pr®®©4mr« ms@4 !» tfel® w©3cl: ha® i®ea mi.«r 
tilt s#@tioa m Ketkot of festing, Bmriag th# early part ®f 
tb© work, ft tw0 hsw pfriet ©f Iw-ersien was tet as 
til# water rmiatamm of the material !#©«« gr«at®r th® teat 
f«ri04 was iii®r®as#t to tw«»%-f©ur hmjem as a » l^>©r @f 
tests ea eQ«#relal flastl®s f©r that laagth of time w«r» 
ETRilalfle f#r ®©afarisen. 
fh« i«fortamt' tMag slM&mt this t®»t i» mmt oases it met 
the mmfmX f»r@«ta^« of wmt®r &h'S®r%«ift' Mt rather th«- -©ffftst 
©f the iwiersloia ®e the s«y l^®, A gr#&t' t«»l et mri»tioa 
- 166 -
of #ff®et the sa«pl#s was aoted. tli«y« wtr® garmdatieas 
.£f®M to -twi## tto®' ®rlglB»l si2@,' t© BO Rpf&r#at 
tliaag#* lett#'r sa»fl«s ftit aot «w#ll #r ®m®k aat w»f® 
©sis' slightly Als@&l®y@t afttr twta'^ -fow kmvm of iwtMios, 
Is most #as®8 it w&s possi'bl® to 0!i®©1e: water altsorptlen mimes 
fttit© @l®s®ly, 
lagaet atraa^h* ffhe method sf testing for iapaot 
ttreagth ims • in tb# station ©a m#tli©ts @f testing, 
1011.8 pr©®-#tiar» to®® »ot adasitr© tlie iapaet »t3*®»ftli la tfe®-
msml' sess-e'of tii# Imt mtli«r it is more «f a n«a^smr® 
of %he tom^aess of th.© aaapl®. ffa# :r#smlts e'fetaiaet with. 
tkis .M.@hift® wer« mot as easily #i«©k©4 as'' tfe# TO.t«r 
or 
a%s@rfti©ii mlmts. • For this r«as©a st least 'twVaors sinipl«s 
•w®r@ for str®iigtli, 
Si© strsagtfe t«sts war© mad© oa gi^ pleg approxlaate^y 
0:,80 m.m, ia tlii@laa@ss, Altlion  ^ ttee smm wti#it of toif4©r 
was ms9t t&T t!i« Aiff©r®at sawplts ©f a glTsm s#rie« of t®st8, 
tfe® SMtpl©® Tsriet tB tlit®lii©ss fr®» 0»'ff'to 0«8i m» 
mlmts glT®m for the stremgtli tests are thie iralmeg that 
ai@tmt.lly w«r« ©Maiiitt* 1® ©©rreetioa was maAe- for fariati.oa 
in thtt@lm#ss ®f thB saafl®s« 
Other t»it8«. It wa.s r®e@ i^i©i.^  that tliere ar® &• larg# 
BtaMr ©f #th»r i^ i^ rti®® ®f plsstl® aaterisls that ar« i»--
psrtast# fh# la this this sis, how«f#r, Ms 
m^m m th© a«v#l@paeat of saita l^# ©©atoiastiem of »&t«rial». 
- Iff . 
ant am .sa..ti8fa#t©]^  pro@®t^ e.s. f®r tli® ffetarati-oa 
©f •&« agyiealtmral MteyiaXa*' It is 
that la th# fetmr# tb# mteri&ls pr®pas«t"ia i&ts&t 
•bat@ht# a»A tlieir i3*©f«rtl®s %9 mmm tk©r©«glil^  taT#»tig»t®4, 
MQltiag 
a.»  ^ aoMlmg #f plasti® ir^Amete is « lyrt, ffc« aoM-
Ing %&s^»TB.t-arm, mi. ir#ssiir® »r® all tst«i€tfSB4®at, 
a® o0»aitioa# ala© fwi« m@im t® 3f©si»* Im 
It Is t®' ms®' m& Bhort & aeltlmg tla#, and as 
lew a *ol&i3tf as 
Mtldiag •gFtssttf# 
pr@ssmr»s us®4 tmm ISOO • f©mts 
f#r to atj©mt §000 f«r la»fe# l©st 
®f th# siapl,«s w®y# aslttd at sip@s.sar«8 ®f ISOO t« 2100 
p.@mAs f#!* stm»®. im@h, la g«a®ral it was a©tl@if4 that f®3f 
a glvm «®li.t»g lowfteir the tfe® »liiBt 
tto® Imm tkm wat#** rtgerfti©a of oa l^ta wJ.# 
Thm s«lAct at ^mmmm #.f 4-§0© t© §000 
p#tiiits f«r atmf# w®m syiS. mom teittl® 
tli#is© *0M#t «t' a fetltw 4000 i©iamAs psT sfwr# lm#i. 
It sh#ml4 %« poiatsA m% 'Itoat tlt« ii«tml m 
tMe mem§l® mrtet seistwb&t fturteg tli« »Mta  ^p«fi©4 "hmmnm 
&t mhitimkmg® Qt the «t@irisl» &BkM ©wlmtiem,, of tlt« 
jpyess, tm stiier fh# pitmmmB reto^ rt#!. mm 
affliet imitiallj to th# aatti'ial m&i, as effort was mat® 
t© hoM the pMsaay® e^astaat trnfla  ^ th© «®14i»g p#ri®t, 
atiiaisb.xwa.m 
le'tt®? mM l^ms hat a pl#ssing atf«ar«ao® whm 
pdlisled m b. taiffiB# 13: Is a fielmrt ©f 
s©se ©f the aa!jipl#s aelttt frsm thea© mat©!-!®!.®. 
Bqmipaent 
0»t ©f m# gy©at«»t iiffi«m3.ti#s «a«$iM$@r©t im tfe® 
p3?@tm@tl©a ®f flastl#® tr&m s®ylwaa«, mA fayfttral, has !}«(« 
i« gt-sm-iag th« fr®f«r ti'p® ©f ©t^ tpasat for eairrisg #11% 
tfe® wQTk* It Ms l##a fib©iim tbat tlie iiaterlal tr®tm®«4 i#-
®aM®' "better ss the @tmlfa«at tm It w$,m 
lair®v«t# It sMomli. 1® omt that tJi®r®- is ©till Tmm 
for l«iroT®««at ia tltis res f^eet. fh@ Wfi»#T-Sfl®i41«r typ# 
mlx«3  ^ wmm th,® .m©st 8atisf&.@t©i^  mlx«r mg#t tet it Mat' th# 
followifig ii«aiiraiitm^®st 
( 1 )  'fh© m#th<i4 ©f li#atiag tfee mix&T w&m aot ©attTiEli'-
«attsfa©t@.iT. ffe® »i»f Aemli "fe# h#&t#4 fra« ao3f« than a 
gffi&ll fertiisa ©f !»ae site aat It slioiilt f®sslll« t« «tjmst 
til# t«i^ «3patmi:^ ' »©r#- rafldy tk«a @#ml& %t 4o»® with tit® 
beating -mit ms®4. 
CSS Im th# last lart ®f tli© k#atiia«- p»i©t tb# »at«rial 
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mlmeip was m% stiiriy ©»0ti  ^ to aiat a toi^ . 
m&tml&lrn 
I SI &«!•« m,m l®.sa of aAterial %hm Ifdiypisgs ©f 
t3i® iil3Kia# ara®» W§mmv@w, tMs aatertal -eaiaBei. tl« %#«-
im§» t6. tmm® m t&# &»s» It ma te «i«aas ©mt 
tMs 
C4) ©i« mixm wma aot ©f th# tyj# aat It was 
nmmmamry to tlwiyBtl# th« al.a:®.f &t%mw «»®k lat-A 
i» sri#f t© tli# resto f»a tk@ aix#!*# 
It is tbat a si»r w©mlt hm tli# t^ « 
«f affamtms aost smltafel© taw th® ®r@p»atl0a ©f tli« r©aim,. 
It Is that a liai€«m@4 i^te©Btii®-pl.at«4 aoM 
woiLlt glv# a vmrnh ¥®tt«r fiaisli t® th® »14#t 
Mt# fr®T«at®4 stl#ld.m# im most 
- IfO - 171 -
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. l. tlastiw #aa »at® fmm soy%«:a» m»ml, 
pk^rn©!' in tit &t Isil# ©atmljsts ttiat hmrm & 
pltmgiat aip#ar«i«®, lil^  startrngt^ -, aasA wat«ip 
j'#st8taa#«. 
M* aasti®i @a» 1# Bai© frm sej^ aa M®ai 
mft tlist a.r« a» stre»g a® tlt<@ fei^  si^ M  ^
flasti© eff @@a«®jp@tal as ly a 
Pat«« f#8t 
g. It w».s f0«i that til# %«st w®#t fl&wt sasfl#8 
ffiftt# fi^ B farffflp&S.-s©y%«a®-3?h^-6l • r«gi» m'bmt l.ti 
te S»OG pel- #eat ®f water im tw#»ty-f©itir &emiri, Emmm., 
th«se 4l€ a©t swell, or ©ra©!: frta tli.« i«#rsi©m la 
W8t«a?, «at w#!*# tls@®lof®i. ©al|r rnXigMi^ m 
4. It was tli&t tfe® l®st as%#iito» fill@4 
aft4« fmm ^mim trm al»©mt 
•6,19 to f«F ®m% water i» tw t^ty- f^emr feettr». fli«a# 
sffltfles Alt a©t well qt @ra<slc aaA wmm iis0.®l#]r#4 -©aly 
fM» tli® tffii«rsl©m ta w&te:r,. 
§• ae»t »tisfa@t©®f »©tte.o4 ©f a©ltia® tfe« plastl# 
was t® «tt t3i« ftwi#!* t© tfe© b®M wMl® tk# a©li sat 
wsr® at mm t©at@jmtiir«»- aaft# li«at tfes mM- t® 
- ifb -
til© fteslred tenptrntm'# seass ©f gas l>mm®rs. 
fbs ms« of gas f«f fe#atiag %fc« aol4 ms a©t 
mtisfadtoi^  tmm the iitsaftmlmt of tmtli@»ttom 
emM. ©f TOltiiif 0OBtltl®ms» Mt it wa® tk# »@st ©ea-
rmimt imt sat,t«eit@t®?y iietk©ft ii.»«t to, tkiB st^ y 
?. •&# mMimg pmrn^nrm mim steam t© km% m&X& 
was msatisfaetea?!' 'Vm-mnm the thSLt ©omit 
,witt th« Btmmt was a©t «»©i^  t© 
Mlt th® «at»lal ®atisfa@t©i'l%., 
S, a® mslmg m 
h©mti»g tfe® a#M l-tfer® tms®rttBg t&« mmfilm wm «»-
Batlsfm©tQi^  frm th» ©f Mw ecmswtt a»& 
tmm thm foality mt the aoWet Si® »®14sa, 
mmimg 'this mlmfrngm pla»«s dmrJaf m&M-
lag »A as ft r#.sttlt low str«»«tfe asiA Ai#i water 
f, A,8%@0*Io» filled msmlBm hmm tli« f®ll<iwi»g aivastag©# 
ofer WO04 ftll«A 
Cl3 £»w#r ©est p®»- yoima, 
C.t) It#«r imw&mt stremgth as »«a«ur®i %j thm 
®et,ifi«t Patifi' Ispast fast Saeliia®* 
( g >  l i ^ - e - p  t « a 8 i l «  s t f ^ g i k .  
C4| Imt-m iKa-t#f» «t%s#rtti®a» 
10. W##i fJleux" fill»4 s l^,®s teT# t&® ,f#ll«wlag 
aAfMitaffts mm mhmBtm ftll«4 saafleaf 
- IfS -
{1} mnt p®r mit &t TO laws, • 
( E )  f f l o M l a ^  
(•i) J#wer tessltji, 
11, fii« w#ot fl&m mmt&nt in'tM, »il4tBg 
ms f«m4 t© 1« al®mt fiftf i©i* ©«R-t, 
12., ••©»# Bitsli wo#4 fl#i3' ftll«r w&s t^ m& t® i# 
•smpefier t® forty or mmh wm& flaw ftli®r, 
^Mplm «i.« tmm MO wm& tXmxr flll#r mly 
Ifftt also w#ri' aor® water rtslstaiit tli«B th« S8]^ l«® 
tmm the smm r«slm wltfc 40 ©r 48 ae-i®! w®«4 fleiix filler, 
li» Si# #ftiwa m-BMBtm mm t® afeemt 
sixty p®r 0eat« If aor# thaa slxtj p®r ®«at ©f &s"b®aib©® 
filler WBk9 tlt« r«sia Ait mot always #w®r it tmrlag %h& 
pr©fftratl@B of tli« saatl®* Whm 1mm thm aixriy f«r ««»t 
filler ms ms«4, th® saaples mm* met as- •trmg as tli®y wer® 
witfe sixty f«r @«iit fr®g»iit.. 
14* a® sf«©litl gralt© ®f fts%»s-t#® filler m««t «s 
®mf#ri0r 'fe-t siii»ereial graft# -o-f as1»«s%o-a ©f tM« %-f® mssA 
f#r l»s«latl©m mmkm 
li» f&« ©ptiw® ratios- &t tb« thrt-® aii|#r - «omstltm#mts 
#f tl@ r«sls was fewist t® %m «1)««t m 0tmM -®f »•&! 
t$ SO fTttna ©f f»?fmr»l, «®t B4 ©f ^hmQl* 
IS. Ifa® ©ftiffioa »#lAias #«iAiti«s f©r i©»a#r- mst 
M t-«t®raim«A «i®#rla«iitall|'» 
1?» 'ffe# tt®lil»g t«ii^ «r»tmr® a@-lftiag tim© mm i»ttr-
4#p«®t®Bt. f©r a giwa r#sia, tli® MgMer tto« a l^diBg 
- If4 -
mt t# » feimt, tbe ,0fe©rt#ir tb» • 
t« *©lt it 
1S» It was that tlh® 
flasti^ i %# «©lAei at & t«ip«mtw@ al>®T« M5®C as4 
¥#is* tot®#., 
if* 1&S f©ll@wiag »eMiag 0©mAitl©Bs f©mt t# !• 
,f»r tl@ %«st mmlnmi 
f&« iwM imi li#at#i. t# Iff®© %«##?« mm «mt ©ff, 
tat, iat«ir ©©sliag wat^ r ms wm tat® 
'Ifc#- i^«t# ®:f hmtimg wmm mMh t&mt t1N» walaia 
t«ap«imtmritl»y tJi# tbei-fflemtteip »s, S,fi--^00®C, 
Bmifiag til# mtim hmilm i#rS.e4 aaat fey tfc# fi.x'st tw@ »4®at#s 
of ttoif ®®©li»g f#Fl©il th# t^^ rlttl ma teft mt«r & Tpfse-gmr® 
©f a-1i®«t 1800 1%». stii»® iS!^ » 
SO.. It was tliat aeMisg if^ ssmrss mt ISIIO t© fOOO 
•pmsM.s f®.!- w@i^  8atiafa®t©-ry, . ft# mt«r a^aerptlo-m 
9f tk® sm l^m m& i.#.«#a,s«4 % w te tlit mMlmg 
pressmstt Mt th# s®itl.e« also 
li^ ittlem«ss.» 
21.» ffc® 1j#-st s l^«« ©f fiastte wur# % 
t^ « »sia mt »txl»g it t» tfe# 4?y f#i» wttk tl© 
SS. •&« »th«t »f p-jfetafiBg th® soltlBg %y »i3Efag 
tfe« filler Itt with th# rsslii &wtim th« li.«atlag ms 
®asatisfa«t®fy tfe# ms m% mlt" 
mhl® f©T mwryimg 0iat tMs 
- Ifi 
Sf* Wmm mtmAptflmt &f strength, cost, gmd mt#* 
SS t® %® t&e "best ftirfural-soijlw^-
fbeiiol r©»im; tfaat •was m&€e ta tlil« ntflAj,. • 
Mm Attempts MpMmtm the ?ai€ G©af«^»s 
flttstl#'la til# ussA ia t^ is prefftfmtiem &i tl© 
w®r« • 
gi. itt#apts t© watarffeof tfee ftirfirsl-s< f^e#as-
r@slm with tir«a» allls: #ss«1b, «®m«r#i&l %ak«lit®, p-asflit1l©l, 
i«i4 @2»0sol *©.r# ms*i#«»ssfiil« tsmwk jS-saflith.#! s©e»#i t© 
li# til® Mst fr#Blgliig ©f tto.«s« r#-ag©ats„» 
2i» Si» ®tiitl0» of lita»®t^lea«t#t«i®la.# t© tii» 
fmrf«.»l-aay1>#»»-^#a#l rtsia Ife® 
asd wat@r of tfe® .a©lft«t t&m 
#®»t ©f l3.s»a®t%l«»#t#tr»»ln® i» tfce »olAi«g mmmmM. 
t© %& th# @ftiw» s«r«mts^® t© M4. 
gf, 'Hi# to«8t ii®t.lioa of i^ tlag h@3raa»tte|-l«B«tetraffila« 
was t© alx it with tli® tjy rtslm .«a4 filler aoltiag 
hf t!i# 4rr mimtwtb. tm a lall mill, 
18* alltiti©a of mTmm'b*m@m&l r®8i». to tfe# farf«ral-
s®y^®aia»pli^ «i®l r#sla fr#4m#®4 m meA@rl»X th&t tfe® 
w&%BT of tfe,® f©r»«r wltfe the fei^  stmagth 
&t tfe® latter• 
gf» It is t®»®tVl# t« tr®4me« ft «Rt«r-r®»lstsst i»t«riml 
tmm a ^*t«r® '©f f^ fmrttl-seylew r®st». |m© ^«a0li *ltfe 
»srB@#l*-#r«»Ql resi». ais ».t®ri»l ws- met m »tre  ^as' 
- IfS - • 
Imt it is %«Jl4ev©& tfeat a sti"-©!!®*? »%«!»! •&» tfest 
i»A« in tJ^ ls s%m% @i>u3.4. I# •&» m«« ®# 
f&trn®!. 
i©, fh# fesst flasti® 
m« wm&m % 'mstvmlm mmmm 
t®te.tli®3f f&T Rfenmt'm %Gm Ismt&Tm attisg tb« aixtmre to ^ tlk® 
mm.l» •III® ®f this irellaiBai^  hm^img 
fe'ri©4 :r«smlf«4 1« tli® p?etm®tl«a ©f ftoi? sittipJl»s» 
il.* %«st -iMpl®® merm ¥j h«aM»g. tii# mms 
in a l«fK«:y-lflelAl®r »i.»r fo'f .a^-iwit t© fiT« at 
m @f 6l@«t fb« hmMmg tls® ms €«• • 
IfeoweTer, i»» fmm th# llaitiitifflas of tfe® Mix&w thaa-
trm tl# #©ae3.m8loa# -feMt 'tills pertot of ms tfe# 
©ftliiam# 
St. fbm typ# »l»3f ms- m • m©fela#-
t© ms# i». th® of th.t ®©yl««s Malms team fh» Ir®M 
##©!«»• irM#li im tmrn mmm Ijea&ers* 
$§• fkm l#m©F-Kei#141©i* tjrf# aet 
sstl®f8t®t©iy fr®® tfc® itt'i»4p@iat -©f mlilac* 
los® @f -aat It tl4 »«rre' 
jmft®#® tmiTly wmll mA m® t&© ^st ®a©1^im« amilaM® t&r 
this w©rS:., 
m* It is-te«lt«T«4 tfast «. mlsamt w©mM' 
stmtl#s sat wtlc® fsssiil# th® f»®tmeti©a #f 
. vf f -
plastits mi.j#i?i©a? to a]^  that hair« f»4mt®a. la tM® 
ii, fii® jlasttds pr©aui«i. tm tMa mm'k 
,®®a# 4«fiiiit® possAlJilltiss f@r tlit of «. 
flasti® with mtisfaet©,!^  @li#iai.®al i®i fl^ sinal fr@f«rfei#s. 
It If tliat am« ®f tM.# ttstt-rt&ls' ia tMs 
wewk muli, #©mp»t® wllfe s#j»# tto» 0©wB®j?0lai 
flastl«s m©w "b i^mg m®®t, 
ii# It was taloml&ttA ttoat tb® raw wBt@rlal tost 0f 
til# material aat# frm fmtwmX. m& mjMm mml was 
mhmt $0,0$ p«r i®mt» ais is te ' ©©mpartd with aaifltett 
ftt©tatl#as ®f lO.SBi f#** it-oaA t&r toaJceiit#, wMm ts tli® 
isli«af®st 0f tilt isptrtaat t^alas.. 
- ifs -
MlMtfA.gr 
mt im « t© jy®-' 
•tm®® a flastl® tmm -fmtmml aa4 mj'bmm a»«3..«. .4 • 
«aa1»«r ©f fmrl-atl#®- ®#»e#»«4 ta't^ # pr#fsrs.ti.©m ©f tE##©-
mterisls w#» sfmaiti.,. • faA & & a»w 
a® f©ll®wlag is a %ti©a.|. 5]ro#®tur«i Approxi»at«% 
tkirty fftfts 0f C% w©lgji%l» twenty-four farts #f 
aat f®«?- f»tg of .WMoaiw. w#ft 
'im « fla  ^for ©ii« h.mm» fM® niactmi?# m« t!ie» aftftet't#. 
piyts #f atftl.,' aai. t&r«» ,|»rts #f lin;® 
ia « %yt@ al»r» Aft«r li»&tlisg 11#-
liO^S fof a%®at tmr ©a«-lmlf fesio's, ta t&# ai»:3P» tli# 
3r#stm ms re»©ir«.At. »»i, MaM.tiiyg 
p#^efs we.p« fr®tar#t fip#a %lit® rmim »3..xi»f it wi^ lt 
md ©itfeer m w©©ft fi®«r 
ity l^®# wm» 
.ia ft a®M. iMi@r lt.at fMssw#* »at#rla3. 
ta t^s •mmmm h@& i»paet .gtftagtl* s&tii-
f»#-t©:ipy iP®-sigtfia«« 1#« tk® a.«stlom ef wat©ie,. aii, ^©m3.4-l«' 
.@to.#ap to 
It -wa..! f#Mii tliat mnsms aetifl@ati.eBS- la fFop€i'ti«s 
l.« fr$tmt#4 & .«@.»®@¥--#y«s©l waia wim 
. in • 
?#si»s» lte#m mixed in th® 
®f ^®s« .r«slm8 irotmceA a»t«2risl« 
Wirt' mB^ri&T t# ttoat wi.4® tmm eitfc#r ©f tw® 
r®slas It mm waltalatti. tfe# mm 
mmtm of tli« hmm% mm%m%WiX m 
was al«mt six @«ts a 
It was t&mk ttet- a water y#sirfeaiit, @omlt 
fr®tm««4 tmm & wijctiupe • y«;sts. la® 
ast #om«©fe-@Ms©l rwlm. mt#rlai mg «©t «t» 
str®K®. mm tet,fi»fer«3.»a®yl#®a-i&«a®i it t® 
tli&t i^8'•^ fea»«t®i*lstt» ®®ml4 %#• 
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has atmdiet tmr » amnto©!? of y®ar»,. 
it® «li«mlta3. aatmy® Is still & mtt^ r @f Ita 
mm. ' T$® «a®lai»«4 
%y that ligmim. toa® a aialmw »®3.t©mJto' weight #f 
f0®# 'Si® ®irlt«s®« .tail ©at®® it 
9ltlj«F TOJit&liss m. Sfowatla. #!• Is reatilj' mnwmt^ 
tttt© m®m It has &3.S© %««». «st&Mish.«t tbs* #®»1:&ias 
attfeosjl ®ti .gp®mfs| &#e©-ri.4»g t© Itelllif# ii) 
'pm&t &t tte pf'tsea®# &t m 
%m xmmns* a»f«mr to m feoth 
ffe«»©ll© alooholl®- %t®Sp All iavestlgaters i«r«€ tliaf • 
im «f#fy »»«*!•#«• It ls^A©m%tfml tkat ligals 
@am »»i»rat®4 trm w©©A ©f r^iemltmyal l^ -fr»a.u@t 
aaterfsls t.m ttm ftrtglaal ©©atitiea.. 
Mgftla 'i?ea4ily m4®rg0'®s a wi®tj &t rea«tioa» 1»-
&.^ 'latioii. eJJqriatloB., 'balogmatlcm, aitmti©B,, 
s l^M-esatl-oa, ©litatldE asA- Fttmatiea, It al®® "f0m® iNisla® 
tmlt# r#ft4i3y witli »&g®iits TO®h as ali-eteytta* asimes, a®t 
la t® til® ligaim &Taila%a» '»» & lgr«pr©4m«f #f 
tl® intitsti^ , eii®r«e«» ptwitlti.®® ®f it •««» %» 
®%taia«4 aiam&lly trmm a r^ienl^ tWaral a&t® i^als. 
®i«s® mateiftals ®#»taia «»llml0s« lat i» ®t4ittoa 
t® fhm hm^mxlmlqbm ar® a®st3Ly i®»t@«»s, wmm 
«gm %® eosrfertet tat® femt®s® farfaml % hytr®l4^sis 
with a®its» ^® -mmtxtim »t®rial 0®mtaia« 
• -
iigsts mi. flie lignlm em. tM«a 
tmm %k* #eilale#e #»©• «f thi® mfl©a«. astliois m®#4 i* 
s®parati»f it fr« th» ©f % tiiig »#t1b©4 
ligalm,, f^tai4 w@m3,4 %t a# 
jm* 
»t'«ams@ @f its M,^  wi,tli ¥arl®m# 
t&ww&mg ^ag#iits,, 'witfe its Im #ost» it wa.® 
that ligala stoomlt 1# stwtiet a,# 'a mw f« 
tl# fr«f«i^ ti0a ©f @&#a5 fiftstt#®,. 
i® Sim© i«s®iMlity t&mt -^ omlA aot ¥« 
%4F©ljg«€ agrl«lta2»l @©mM m»®A 
im • tfc# fr«farati«a #f m i^oms flasti#s toy #oafei»ta« tli« 
It^ ia' with smitall® f#8ialfyi«f agents* ffe@ 
#tllml«s« fipes«t womM mt as a fillejr# % mslag tiie, fmrfaml 
th@ li^ tr©lj®ts of til® P'satssiai ef t&#s« 
%*-pr0&m#ts as tli# mMiMityt'm ^®»t# it wemlt lb# t^ ssill# 
t®: all till?#® #f tlie ,»a4©y «<msti1®«mts ®f agrlt^ teml 
•%--fytte«ts f»r tfe® tre.pamti.©» ®f plasties.^  a ®®a-
'Maittita shomll. i»k# it t«saiW# t# fr®Amt® flagti®s wi?r 
•@ii®atl^ ' fy©a 
Hi® fmrg©®®. of tliis woi*!: to® "beem t@ staAj tfe® prtfa'rt.-
tioa '©f tmm @©»¥iiiatt@BS ®f fmrfmiral wlife 

























































1 1  
1 1  
«l 
J£ » §  s  
-#f west -aiiAtr yl@14»t'm »sto©m« 4«-
flTstiYe ©f phmm^X fiaft ©®llml®s©. la tMs p»-®e®.@ wo©4 fl®w 
mas with tQwe tSaes it® i»i^ t Qt i>Ee»©l at 
tm fmm two t.© tw»a% iaB<@®a%ia«4 wm® 
iy ii-stillatlca Itaflug- a %yoiiaiA-Ma#k fsslK of 
klffe a«ltiag point* It th» f-eriet @f toe&tlmg was 
.som0 #f lfe« w©ot m&lt«st«t ant s&rma m m tim^r 
tm ml&tm* »©Aifi«a,tloss @t tfe# ijr#@«»e wtre 
tk© ^ditloa #f tmrSoms' alt®1^4«s or aweais, 
•Wrmtimm (il) ms«4 & so»wliat l^allar •prmmm* On# 
limtr®4 fafts ©f w@«t weir# a.lg«-gt@t wltfe twte%-aiis« fsrt» 
@f pb«»®l twtlw tarts @f -teBeeBtrateft s*e«iiw 
fo:r tmw hQwt& mi.#y u fmsmm ©f 
tOG-iOO j^ onaAs i«'3* m%m ms.ismg a® &^mnm 
of f0rffislt#tay&t, th© itmeti&m. was 
fk# s#li4 saterlal ms 
frss lifmlAt wt »lt0t m®laf » t@ttp«»tii»  ^
a pft8sm«. #f 1000 f©mi@ f®-r staay# l»i&. 
If'-frs.Amet t^erlals tibtsfe li^ ta 
hav# hem ir©f®s«t fm tk# ir®&m«tl©B #f flaati® fr^ dmsts 
with- .^ ®a©ls, t&t p«aamt tells, 
toais# w©o4' gbairiags* a»A 0th«r #®llm-
l«»gl® aat#risl# wm® mtilig®t ly .^ #»s l^ is fsr®* 
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mmmm a»4 pmatim tli« »si» ©mt ista 'flat' pass t© 
@©©1.» 4ft»f tMii Blidl»g with fill@r» tk® 
was a0il.«t at f^fTOitisatsly 140®§ mifir ®i"#samr«. a@ 
aat#rial f3Po4m©@i. nas W,s©l£ ant iarlttl#, ibmt it 'mm 
fftlifli* mmlBtmt't© tli« m%im ©f wat#!*# 
leagtion of ll.^ i» 
Jtoillll# seA W#3,1i« Ci0j til# pr«i&mtl0a of r«slB® 
tmm «t 'farl«tts •©©nfttsaed alkali ligaim 
witli aailta®, toluiain® .^ oC-«sffe"ttijlaaiii#, aaS. ar^ mti® 
ffe.® r«»lBs thms mm Wqwh te "blmek in ©©lor,. 
fm«i'bl«# fat selmljle ia »lxtmr«s ®f ©r^ aii® s«3lv®iit®* 
It wms suggest«4 •^ .at tfeey 1# ustft t& tii® p»ipiamti©a sf 
Kasttr (t) als® mte resims fr®ffi tli» 
©©aAemaatios «f li^ in aad ll.^ lB-©o»t&l»ing asterlala wltk 
aMlmm& r^n Thmj r'e-fortst ttet tli® iro4m@ts ©%tals@4 thm 
r®a«tiom ©f liiaia with itailim®, B& t^li|-l^ lii«» fyritiB®, fi^ srl-
«A -tmiaoiiM w«r# aiallmr to ttoos®, &f th». ®r©s#l-
li^ la t2,'p-#' f^ visualy aemtitn .^ 
l®a#tlGm of Hi^ iii witfa twttmtml 
. ItigRla will ftls® • mmlmAm wit& tmtwmx t® yi®l& harft 
resins* BiinipB aai' Ci5) «mft® a wmfe#r ot re&imm 
tmm  ^ll^ ia msi»« aeii aad tesl# ®atalj®ts.. 
!^ © %asi© ©ataJ^sts i^elteA 3p#sims w#r« fmsi%le aat 
solmtlf i» a aixtmr® of ®qiml parts l>y volam® of #tMjl al@©M©l 
- ISf -
aaA ®r aiiA Iijfitsiblir,. iasolmlil# 
3p@siss wem mhm aeti. ©ataliJ-sts wmm tsiluyet* 
lt.t»8 gfeillifs C4i) ma escttatfti «t«af ©f ti# 
mt mmimm toy tii# @ona.#msatloa ©f fttrfttral with 
•mrtoms aey tb# ©ftia« 
til® ©fti-«iai tdatemtmrts., mi th# optima l©Mftlis «f tiai® 
ii&#«8gaiy t© til® wmm^ 3p«'8ias tr&m tmrtwrnl 
mi. minm-, fkw erit-tflom ©f tk# t^allty ©f tk# 
was simply tfeat It AmmlA hm feart. «it frntfly liFtttl® 
wkfia to rooii tt»p©r&tmir®, aat "b#  ^
(g&a) • f«»i ^at fe® eoai.®»iWktl&» f3r®dm©t ©f 
was apfiitmll® as » fea:^ «aiKg af«att t&T 
ph«»ol-&lft«hy4® A aolmttoa of tit te Ijtiig®®® 
®r t@ whlA farfiawil-i«il.iae rests was ata.«Aj was 
#atl©y«t as a ltn4«y t&r ©©It-moltiag ©oajcsitio^s aad its 
q 
» tmmi&U At a t«af®r®tii3p# of 10® tMs alsstiff# 
a tesolmll© fli® of ftefmral-
a»illae resls ms®4 wms as iil^  a# tO per 100 fmyt-g 
meS.^ % ©f %%» f«sl"bl# ^mml T%st&m 
rnm-B&mtim. #f gMatles tmm h.yAgel3f.g#a -afttiaml. aiit®rlal@ 
IM imi Stesrscx- <fil ©Tstsiast m fateat foi? a flagft# fr©» 
k -^ftss® mwtmst* -ais ms pr^ jawt ly ©©©Mug six 
foi^ ® ®f lagass# ©r ®«4ms-t ^4 tw®. psmA® ©f 
$s w 
•  { ! • .  isi 
H* •^t ei pt iiik i t SI m 
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«•» o 1 
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stalks ms#t ia this work w«r# try %al©ll, #©«stftlks,. 
&&®0 stallc® w«# gremiii. m«it. Im » r#4 *ill, ®®S. 
'tfe© gromaA »t&ifcs wm® t^3pelyE«t ia tMir®# st«i« 
If teokimg tbea ia a l®&4-.li»®& l#ttl»* '1^© first ®©®k ms 
witli wat«T taly amt ms @arri®t ©mt at « st»aa p^gssio*# ©f 
fift#«m ffreats f«r « i^ar# iiitto f#? a tfirioi ®f tw® hmrm -^
St# ®ftt«rial m@ tliem imsliet witli 0..tS »©2?*ai :»ialf«a»i® a@it-
t© • itemmn i©©sffeoioaA mMt«®##is* 4ft®  ^ . 
l«s.Tiag tfe«. stales «o¥®r«i with a®i4 of tiis @#a®«atfmtiea 
fm- Wmtf '-tm.T feemrs., t%® a@ii ms Amimet sat 
with ft*#A t»t© lerm&l e@it» Ife.® s®«©Bt ©®@lc ms .with O.S 
leiwal sttlfm i^# a@i4 at a ^stea® ff»#ssaf« ©f t«» fSf 
st»y® imsli tm & i#riot of tw® kemrs. 1^# B&terial ms 
twi.©« with mt«r, msi»g m ©ittr yreas t# tli® 
water tr&m %h.m- stallrs* 'The tMlrft wa« «fTie4 ©mt in th® 
aaa® »iiii«r a® tto® 
ffe# ®#®k litmors #Maia«4 titm tliif! fr©«e»« wmm m«ift 
im »t®ili«s ©m tM« fr«stm«tiom ©f 3^1©s# fr» ©©imst&iS:®* 
E»a»«t if tMs to® 4«v«l®p t^ ®o that it ia 
- If 1 
©oaa«#lal^  the esmstalks ua#A is tbis Imvesti-
t^ldii wmilt 1# T«i^  sto®aply &s a ly-fr©4m0t ©f 
tfel» 
Omt hmli® 
Tk» @«t lwLll»,us«t la tMs inwst m w«r® frm^ 
lAgmlm 
fh# ISgalm ms#4 ta tfel®'w@-rlE wmn «o«istatt • alfelt Itgste 
»a€# im'thim. lali@»at®3  ^ tto® ©f »p# 
!»• 
Iffii# %t»f»aslt# ms#a. was la this 
If tfeatlmg tmttwe&l with feyti^ 3eli.« g l^mtlea* 
#^pB©at mseA i» this w f^lc: was th« sawt s« tfeat 
1» Bart I of t&ts thesis, 
Mittet ©f 
miB mthm  ^®f t#stiag ws#ft ia I »f tM® w«» 
ms#i in mmtim tM# *®i.# fr©* ma 
ltmlf«®at Ws«t 
- im -
'mtmmemm&m. ®f trm gQ»sta.l^ » 
Tim mmre 
im & *il®F *ill t© fass %hTmi^  a iO »»iii 'Shi# 
mt@fi&l i»s »iE<  ^ iB li®afe®rs with fari®ms p3.&®ti«i»rs is 
th« ttsifet p»pojrti©ms.» imt niaEttt^ es mm ©ithw »M«t 
4ir#«tX? «r «ft®r li«at,iag f« a @#rtaim 
Brel.i«tm» eareegiaiaits. S#T«jmi fir@3llolaai^  «^#rln-«ts 
w#?® aat« t# i.et«iwiB@ th® ®ff#9t @f vij*i®ms fl«,®ti®im#rs 
am©h &• wt«r,, mrta*, h«3E*«i#tl^ l®a«t«trMtia«p 
tnrtmmlf isad m-m ®a the »141»g trofs r^ti®# #f th® h -^trolysat 
©oimstall:®# Wrm tbea® @x|i®riai«iits it afp-®a-r®i. that th® 
«ixt«r#i •»®:atai»img tmetaml^. 
Miilla® w®i?® pa?®Mlbl^  th® «ost fawmll®. ®f tfc©s« tri«t. 
Wat o-f friyfttya-l -fmlL SlOkf 1#® W#r# ff®-
paaf®ft msinf » mijstw® ©f ®tttal weights #f farfiml sBt aailim® 
with fariomsi of hjtriljg®! @®m®tal,ks.» fh«s® 
sa«il«« we» »M.«t m«iii^  M®14ing BP©®t4mir« I©* S irhi-#i. is 
4»s©ri^ t im Bart I of thia thesi®* fh#s« aa®®tl@« w»r® »©M«4 
f®r t«». atamt#® at a -©f ai'iat iS  ^pimAs fer 
i»®h* St# »®1A ms taJtes @mt of tJi® st a teai®»tw» 
®f l.S#6., -tely ®a« .-©iiifl® mg wi4«t mt ®. tin®# '^ ® ®®a-
i#siti®a i»t 2*©smlts ®:f t#sts m saapl®® f^ ®« s®f«mi 
• xm -
%h.mm ar# is !• 
'fSBlS J 
0o®f@»iti«ms ®»t l«solt-i mt f®«ts #f SaMflss WbS.% tmm 
C®ya®talks 
— —~r  ^
i Cera- i t i -s in€li®s s- ta 
'' stalk# $ftef^ ifmlito-ilia#sXl»«f^ l t« 'iM %mT9 
Wq* £. . -ji ; # i. # ; # -I lor«  ^ i # 
1 m 32 4 i 
s m f© m © . a Q.Sf 
i 4? ti ti f 1 1,4S 
4 m i© f© 8 t 1.14 
S «f IS li 1 El 1..0S 
iCHi «? . IS IS . i m' 1.01 
f f? m 10 i Zl IM 
t<H| ff m 10 •i g4-8 tim«* g,0i 
CH) Wi##© Mixtures w#i?« fetated f^ r li©-ttr ts'® %09k9w 
fla@®i im m «il %at& fe-®M at llO»M#®i. 
Plseusalom* All ©f thes# iiiarbmr®s f:roiii®«i •^1»  ^
llasti#s Qf «#©lleiit afp«a3?«B,©#s, :sstafles ©f M%@hm 1 
t® 4 wmm ttti'f® Irlttl® M tli#y all ¥r@le« at S tm&kem or 1#»®* 
w#3?® JPi.trl|f i»t#r y#«lstaat, ^©w#r«r, mm the 
sJ>»©yftiom -rarleA fr©m QmM p#p ®e»t t© 1.4i ©sBf Is. 
femr h«mrs, 
111# saii^ les of i it 8 w«# fmlte stF^g*. 
w«ali«st sai^ l® at 21 i»eh€S while tli® stir@mg®st s& l^# 
%lws m© ftT© i«wiA wtstit f»a a, b@i^ % 
- If 4 -
of twenty-fomr imehm to l^ ls Is 
mimm0$r thm «f mmsmtml Mtelil# « Fsrt 
mmprn '^S ®©t1®aa flastl® fflol4©t tmitr tJi© 3»a# #o»ftltI©iis, 
tli« saafl#® ©f te.t-aii#s i t© i w«r# als® fairly mt^ mT Tmistmit 
as tlifg' al®#r1b#4 tmJj mor® tMsa «b# #«€• #f 
ira*®r la %*©»%•-&«• liewa* a®t em#' ©# tMe«® 
gaapl©fi was »ffr#«i.atoly sdff®@tt4 -by tli# iwRersiott Ib wmtwr 
ma thej 414 met mm&k-t me&k, mmll & •-
ys» @f stalls #r wm&, A. stm4f ms 
maft® ©f of ..salfcatitaMa# .w#0i fl®«r #jp ^#«i4 m-
©oragtsUss f#i? tb® mitrlsl mi.#r th  ^
mm« <i@ii4iti©ms ms#t la th§> a'boT# e.^ tfl®«iits. It was fe-raft 
tlmt t&t®® sa«fl#s wem aJLaest as strasg as tbost mat# fr«» 
l^ ti^ lirs®4 mramtmXkm'^  tet t&ey w®r# ii®t r«slgt'«iit t© mtw. 
fh# %®st ssiipl® aa4# tm>m fr®®4 flew als®j»¥»A 1*44 p®r «#mt 
wat®r Im tw«tt%-f©«y feo-^ rs sat tb# sMifi# mAe fawa m*--
ItyArol^ sei. «®imstalk@ alaorfeet mem ^axm l.S»4i p@r ®«ttt mttr 
la twrn '^-fms  ^ ®ii® i»Al«Rt«4 ttat th# .feyAre'iirm^A 
«o.imst«lki mmtei. with tb@ fnrfwt&l .ant m& Ait mt 
mmm ml®%y m  a ttll&r* 
W»e 0t hy^m^mmid r^n- s f^lts wem soMet t» 
wMwM mg smlstltmtM f&r fmr-fmrnlm fke hmt 
»aafle aat® msi»g tbl8 wm. nat# trm m al^ my© &t ff 
•p^T ©eat ^4if©ljg.@t ©ormstaas., 10 p&f -ewBt ©aeh 0f 
8^4 wtillB®, ttud per #«mt of li®#,-
to 
s 
«% « m 4* 
10 s m 10 8' m 0 '* m m ' 
i •H sp •#»• 
© ,  •  II 
# i •rt jfl '1 al 

















® 1% 4® #4 18 




















































^3k ' w 
o 
























- 196 « 
it ms t# try ilastl@« 
"b  ^ frm  ^eat tells with wm .^ a#id. 
Tk® IftTQlysis ws ©arrled ©mt ,i» th% MUmlm mmmmi 
Th  ^ tT»wh fcmlls w®!*# fty t^ e®#3c#t t&r tw® •w^«y a 
fres^smr® ©f t®a t# fift®«a p©i»&8 i«ip st«aM l»#li wl.^  
ifat#r t© mmer thmm Thm ©oofc litwi* was 
tfe#s toaiiiet ©ff'aat «a®'a  ^ a,m M^wml •salf«3fl« &®id 
to «#f®r lall«» fh«y w®3r# t&#m e#ii3 f^t f@r tw® 
li#tsr« »t«r a of t«» t@ fomt* i«f sf««# 
Sneli« tfom «e»pl#ti0» #f th® ##©}£» tM« Iimll® w®?® 
waslisA witM w&t®T ustll tfe« wm i^mga wmm fr®®, ef'melt, 
Mt#.r A:p;ri»  ^ iriaa.i»g t© lass tto-omgli m §0 ®«sfe 
se-j-eeB, tk# hulls w«r» ms-©t with the otiitr mt©rlals •!»,' t«fl#s 
of th« ^showft la fa%l« Ii» 
nmim ii 
©f ia l^@® toil# tw&m O&t Hull® 
-witfe 0..t SoM»l Sallm i^®- Acid 
tOathulls pi 
, „ .  P... .  
i Jisilis#, 1 
1 0. t I»i», # 
f ?f 10 I® M 
10 «f 1» li • '$ 
11 il 18 18 S 
M • f? m* I§ S 
• ms«4 ia®t®  ^of farfm»l#. 
- Iff -
ffe# of tm%» m the sanples ©f f t© IE 
are shemi im.' fmMe III. fli«s# si.fflpl«s mem itoltiiif tm %m 
aiamtts, a% a t#ap«rat«r« of a'bwt 180®S, m4«f a pr®s8ar« ©f 
liOO' fousts ittifii, m&M%ng Bp-o»4mj*© !#.» S ms 
ms«ft t© thmm «&i®l#s.' 
fmm III 
i#»alts of tests #m .S«pl«s of &t«fe®s f, t© It 
I I s 
Jtet©!. t iStr®»f^  laAes i *ftt#i' 
1#» f ea« sBroia to $ in 34 # 
f O.fg fi - f tiH»8 fas • 
li 0»f0 ss 4*8f 
11 ©•?s If 4 .* 6§ 
IE O f^l m. ^ e tia#8 
llswissiffla. 1&#s@, staples wer# ttroaf 'tet mm mot 
mt«jf -^sistttt. Ml ©f tfe# i»i^ l#s w«r«' w®ll«» ®ft«y 
h&mem mt mi liai tls®ol©r#4 tfe« mt«r 
in wHiJh w@r# 
Wb@ #f «iftt tolls fegdy#.lrg#t with 1,0 l#»ftl anlfarie a#!!. • 
it ^at tte.® eat httlls aliev® 
h®& mot ^»«a li;r^ yoly'3S®& to mt«r r«slsts»t 
»st®r£ftl it m© 4@#14#4 to hjtrels-g® with !•© lomal 
««l^irl«. ft©iA, Tkm liyty®lysis wma «awist omt'-as described 
alboYe with tto« i®x»#ftioa that 1«0 l@»ftl atid wits ms«t im-
- Its « . 
of-O.SS lorsal a®i4. Staples ©f tfe# e©fflpoBltlo»s 
sMwm ia f&"ble IT were. aol4#t fmm hmlls' ©"btal&td trm tMs-
&yte©,lysie« 
t&m® if 





:Oat Hulls # 
t t I •farf&gml s 




•It ?f •10- 10 s 
14 ff • » • 10 '» 
li Sf li li a-
IS il 18 li s 
1 .^© W'SBlt® ©f ttsts rm '©» saaples «sf latefee-s IS 
to- IS are »&©»» im fsMe f• Bi#se ©Ra l^®# w^m fo.r 
t#m at a t@»p#rat^ t of 1©0'^ €, mt«r m 
tw'ssmr® ©,f about 1800 se"8B4s p€r s^mm la«to» 
I#.. S was mseA t.® prepare tM«s€ mm l^m^m 
timm f • 
M@m3.tm #f f©«ts #a .is«fl«s of li t® 1$  ^
f s • lTOfe«s s later 
g#, .1 m». I te Br#&>: lis 14 foeiEBrgt.. # 
li , ff MQ 
M ft m n^m 
1ft' , fS If 1..44-
m m IS . i.m 
« If 9 -
Slsmsaies-, 'fh® i.*0 1-o.tml acid tm' tto liytsrolysls 
ia til© of is-ai^ les that w#r®. mem 
mtmv wmsiBtmt than th©s# aai® tmm ©at hulls t^i»#1^2#t 
with §*ti te»&l smlfoiri® s®li* fh« t&jm&v »ail©'S 
fthemt l.,S p-m ®$iit mter ia tw«it3r-fdmf hows as -©eafai^ eA 
with a®f« than 4..i fti? #®at in 'hmaem tm tk« 
lattef SMfl#s, a®®# saiples fr®a mmt :h«lls hytreljgtA 
with 1.0 *©rital smlfoyl-® »®t4 w«r® t^ it# ©treat,, mi. wmm-
mot aipr«#i«.%l3  ^ &ff®@t«t hy th« iraiersiem tm mt»w, 
»!# mf tia» with. 1*0 Mesml .gal^ igi# 
Sin®® it api«ar®ft twm th@ ahov® test® that goot gaaple® 
@®mlA tmm est h«ll» ,hyt»lyK®a. u«a.«r th® 
©ttstition®, s t@st ©f 4iff«r«t Itagths ©f tia® @f Itytr^ lysis 
was -©arriet' @ttt, the «at®rlal m@ hft3r#lyz®4 la-the fallow-
iag ofyone-rs first, th® hmlls wer# #®#ket f«.r tw® hernr® with 
tuoTigh water t@ mmr fkm msi^  a gt#« ®f t«s t® 
f if teem fsmmds p®.r s^mr® to®h» lft#r i«i»ii^  the 
lifu r^S' off» «m©m# sal.faflrl'© «®i& m# ©«• that th« hmlls 
were ©overst-with 1,0 l®n»l a©i4. Si# aatsriftl ms &mk  ^
for fpur h©-Qr§ msim  ^ m st#®* 5r#ssar® ©f t«i t® flft«« 
tomts p«r atmar# inito, 4 i©rti*»a of th® hmlls was th«ft 
aai. tm» &t a i^t. After lAftiti^  «f 
fr#sh smlfwi#- jaett# tht remaintiig hmlls w®r«' «©©!:©€ f#r 
®a©th«r f©«r hours m4@r the .««« e©BAiti®as. 4 p®rtlfa #f 
rnmm Imlls m« aaft nisslied trew trm. m* 
h»JU.s wm» giT«a tMri f®mr h&m 
-aalfmri® atid, -Ittims-,. 
tlimt ML fei- -iat Mow®, 
r#«f«etiT«ly, *«rt ©M«iii®4# 
After t# pass 9. S© »sfc mmmemi, t%@m 
tmxls w@y# ms..^  ia fyepftratlea ©f ©f tit* «©m.-
p©sitloas sfe0i» im f&tel® fl. • Wm* S i^ s 
m»#4 'la fr«f&:rtag ^mm sai®2es« •&# ii®i4 ws tafetm twmt tit# 
at ' tl® .aoltlng t%m w^m tm. *iaiet»,s., 
a«Miitf pipsssair® 1S§0 .afiMMr#-. l»A.i 
®p®sltioa# &£ ^mp%m -of MMkmB If 't# If 
t 







fk# jr®salts «f t«st» ®s tbtse 
f&m& ¥11 • 
itr# :i^ #A tm. 
toi -
9amm. fll 
®f fesfs ©a ©f fetches If t® If 
10.. 
1 
I S lSW«: #f 
1 • • s 
s I»^es : Water Absopptl®s 
1 iSf^ i -fe# fetifcJk iin 24 hours * # 
If 4,  ^  ^ li t.if 
• x» • t M g.«f 
It • It • 10 l.tl ; 
flj« resttlts of til® t«0ts tm mm. BmrnXm 3Lf., 
It, aaft It im 'fmM® fll tk® ©f tli« Mme ®f 
li5'ts*©lf'si# ©f 'Ost Mll« m th& wm%@r a'bseifftlw asft strength 
©f til# sMil®8 1^® fr©!® %k©.s«-• "Sb.® ^«sm3.ts ia4|«tat«i 
that m immmm im th# tia# @f liyAr®ljslii ®f tli®- Mmll# ttm 
tmr t# Iff®® -©amsei. a, t®«r®a:S« im tfcie #«at ®f wa-i®y 
s.%sor%#A/i»  ^ tmm p®r «#»% t« f«y 
#eiit# yetTilts »ls# imAlmtm tli«t aa 'i»^©fys«  ^ ta tk® 
tia« ©f tiytTQli-st®. of fcmlig ©ams«t • Mmmm In t&« 
s r^wgtli. @:f til# saafles »s4« frw tli®a, 
©0mtr»4i#t :«o». ©f-tl»;pi»:«TS©« 
t»st» as tlie sa^:l«# .»«&« fysm ®m* iMlls jseft fm %m 
mwern vim. X^O »#»al a«lt mem.-tmm mt©r rsststiaat; tli«m mm 
mmwlm mA& trm ©at femlls fm twlw 
!.«• .»©»&! a#|t. Saafies .lf» li, a»4 li wmm ml&H W 
miUmg rnm&^ wrm »®. It Is tfelB -s©lttia« 
was tfe® mmm #f toor wter r@.«ist«a«© ©f « l^®Sb 
- zm -
•' of tmm a&t teallg msin  ^
aoMiag: u 
m Wl% frtfamtiea ©f ilftsti®#, 
MmMlmg Br#©.«A«r« le# S was f0«®S. t© %# wmrnh m&m satia-
immt&Wf tfeii®. l«tlA-Sjig *#. $• it mm 4«©lf#t 
t# frtjar# sables fwa hyA.i'©^me4 ®st tomlls mst»g tMe 
fTO.©«A-(i«. «©»to#lti©ii® ®f tM®®# sofflplts »# «ii®«.ia 
fitM# rai* 
•• m»M fill 
€tosf#»ltie»B @f .S^pl@« ®f g© t# M 
s i • • t ' ' I ^ 1 ^ ^ 
1fe'l«liiOa^ml,l.si ^vernm s -Sraias tSrmsi %arolysi# wltli. 
.»#« f • tfmtmmXtMlMMm%im t attifuri® a,@it. 
io ff IS li i i bf®. -• i.Si 1. 
«f IS It s g lirs. - 1 .0 1, 
tt if m 10 s € brs# - 1.0. !• 
it' 3.0 10 s 8 hrs* - 1,0 s.. 
®4 10 10 i 12 !»!•»* - 1»0 *« 
mi&lMg tat® «tt i-esialts «f t«sts m th%m ®aatl«» ar» 
sh©«a 1» fttfel® IX  ^
- m$ 
f AIS- IX 
B&ta aat Resttlt® of f®st® « iiynples ' ]tet«b«« 
SO. to M" 
' i" ' ' T* ~~~~sSIlZ iS  ^fl^ 4if©3^aii' 
i«#lAlafi:»Mikts|iig s imehes sAbs. imof tells 
Sanflsi 
»©• 1 




Fall to;24 hrs. 
Break ;^  
•S with 
ssulfuric aeit 
170-18i ISOO m 1.SS ., ® felPS# *"0a2® M 
ga-t ifs-ifi « 18 leSl n m 
io-t . <i ifs-ifs n  . m . l.ii » m  
4 IfO-ifi B M l.f© 2 - 1 .»•.. 
SI**® • 4 m  m l»iS « « 
ii-S , 4 »o-»o n  If l,if « , w • 
ea-i . . 4 IfO-liS » l,.fS 4 hfs, •• 1 *• 
Et-S. 4 m  19 • I*f4 W « 
BS-S S Ifi-JlfS zmo IS »i»i.'.ww Id— ^ ' « 
ti-I i ifo-m 1800 IS l.lt f ll#S* - 1 M m  
Si-g . 4 IfO-lif « It l..ff m  « . 
4 ITQ-lfl m  m x*m «• , ft 
E4-1 S if©*a  ^ « f i*ii 12 ltlf»» -• 1 S. 
# 170-190 f? M: ^p|p jMfc « « 
f M0-W iloo W 1*4© . » « 
Mggaeai^ M* ' fto® ©f- t© aat ti a©lC  ^
well,. Wmy w&m ^stM fteirly' m%mm§ ia4. f&lrly mt#r resisttet* 
Hi® mmpl&s #f aat@& tO wmm %®th tm mt«]p 
.«ta tfeaa tit©®® ©f £!• sa-*fl#s ®f 
- 20i'-
i# i© M iia »eM well# Mt a f®w ga®4 
©Itatmnll. It ^©ml4 M »Gt«4 that tli« #f faaffmyal 
«A .asilla® ms®4 is-ties# Mt©ii#s- was l®ss t&i» w»s ms®t is  ^
latslieg to «bA Bl.* It is that s«iifl«>g @@mlt 
great]^  Imfrotet hy mMlng « Imgm ©f 
ti»« a»ft uBlm ® ®f ftti€iEral saA 
fii« br4# ia t&i-s stmfty mm tlias tfc# 
®Riill«-s naA# •% fr&©<i4mi'8 I@*. i» St#s« 
.resttlt®*. tfetrefoTO., imfl-leat# ttmt asM.t^ . !©• S 
im tM© t© mss® 1» th® prejutrntiea ©f flasti©® 
fipoa l^ tr@-lyg«4, #at balls • 
me smplm wm&9 frtm 1^4r©lyz®«. #at tells apf#:ar®i t# 
¥• «fmlly as str®»# -aiiA al«®st as wat«» r«slgt^ t as '&« 
hmt ®i®5-l®s .«t« fs  ^ ©©fmatalfeg*. It t« %«- • 
ll©*#t that 'ttils py©®©ftmje@ ^@mlA %« stmti«4 mi?# 
fer It 1»® f@ssiW# t« ©&t kmll# 4». & 
tfeat a Mlgli yield mt tmtmel m%M %« fwrn 
®at hmlls aaii at ttit mm tis# l«aT« & 'ipftslitt® tfeat @®mlt 
la t&e pirapaimti^ a ©f a flastl«, 
Br^pa^atiea @f lla-stt#® trm ^©matallg 
AHmli Mg&im 
Am kas &%mvt&y Wm i»©lat' ©mt, llgBis is oae ®f tli# 
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"smm X 
f®»p©sitio»s ©f 'titrjfmral-MgBSm ummimw. 
. t -S- 1 
&iA f t •f 
»«• s 1 m 1 1 "wfiora] I Clra«» 1 M»® Sr&tt® 
IS m It 
if m li l.,4 
'if m -M t«4 
m m ii •^4 
Wke mslna w&m ff«t»re4 i.m tli# f#ll.#win# 
tmfmm,! ws «&t©a. t® al5£tmr«« &f liwi' md. 
In «all w#r# for tro 
ttt sa ®11 i&tii was fe@ii at ft @t m'hmM 
'fli# liaf€ mmlmf©Tm®& Ifef tMs *«r«-
fiabt#t ta «B ©T®s mtll "t&«y ir®i« t# fttlwi-ig®* 
lfe@y w«i?® tto.#a gr®®ttt t@ pass a i® . 
Elding p©wA#m w#r# farepayeA % aii3£i.iit %%m resims wl-^  
a» #fml w®i^ t #f w#©A flour fillei*. wmm •a©M-e& 
from tfctsif pftwi#!-®: mstag- Ifelting Irassidiii^  1®* S* ffa® «jJ.t 
ims Iteatet t® Si®®f i» tii# fe#fo.r« 
tfe# ^sai®l®0, &# ®©Mlmg tt«@ waa t«B Kiwat#® thm sdlt-
iog tf®0.saf« -mm BXOQ p»w atmr® is@fe. f®M® XI 
mk^mrn th« resmlts of •|«ats rm ©m tfe® ®s^3.#» m&e trm thsm 
gOf -
lesmit® of tests m sf W»M 
mt®h t ©f t Iaia#t •Stj'sis.gth t %m E4 Mewps 
Se« I Siaiii® «# fall te . #. 
If ©•«! Ja.i !§,? 
2« #.is 18.0 
If.O s.s 
ss q»m f.O 
li«#m8si®a.» sai^lea ®f iS t« iS w®r# Ma^-
im mlQT tit set @©»5l«te-lj mmvr tfc,« 'tfe® saafl@® 
w#r# st»»g %•&% absorltd a mtfesf MfE 
aolstmr®. It is that wat«T al(S®iTpti©B 
was #«ms#d fej tkat »slm tiA .mot ©©wf th® 
mrmwmmtlm, ef yastiiii twm fmptwt&l^, •«&& mrta. 
la m affert t« a, ptsla tteat a©IA#l. "bitter tii«a 
tli« re-sims ©f Si t® it, 
©f «rea t© tli® ©.ixtar# was stmiiei.* ^aapl#® of tli« 
#®af«sltioas ghoitt. in fall# XII wrnt® ».4e tm tliis strnty* 
- EOS -
fAWJ. XII 









.f §Mmm f 
lime 
Qrmm 
m m It s M»4 
m M IS i §•4 
m M M M g*,4 
ss a t .  m It g,.4 ^ 
ffe«s« mm fi-ttafet ta tli« ^sa*# '^ wK-tip-as 
ti 'tm it, l®Mlmg Br@«ediup# So. f mm ta 
fre^rtmg «ai^ l#8 'f^e* 
fftM# 'Mil -itoews th® remits of t«g-ts m tMEjl## 
tv&m M%AmB ^  t® Si, 
mill- Mil 
tsmlts &t Tests, m Swjpl## &t lat^&es 
m t® IS 
J •  ^ .J "" j """ ' 
l&tiai i. fM©to@.#s btrm^k ilater 
. 8e.» t • «* iiii> gall t® %y®a^$ia. M h&wtm» 0 
m 0.il If t*o 
SO 0.8f S i..« 
ii §.is f t-t 
$B o.if s i..f 
- S09 -
of Sf t& W rnmmmei. t# 
%# tke %«tt» ©a«s ®f tMs #sri»s. Ifc#. «aples sf -gf 
mm. m%hmw- hi0. t®t ©f si^ l® m8«4 
%mt &ls© misf'irlifA a lii^  ©f water* ^s& l^es 
#.f i® wmm m®t as s%r#iig «,i #f 
mm Wktm regls-tust mm tfeef- I.i pmt mm% • 
wftt«p Im Immm mm m&% • 
@f wat#ip Im hmrm f©y th# ©f at» . 
Sii^ l.#s @f tS ajtfftartA to 1# &s strong isat' as mtsr 
&» tli#w of lRt#i g0». Imt as Batoh it w,s mm 
t® m@ ,faftbey %<»sts #m tMs •a»t#riRl, w«ff« jBal®* 
Mitm% of fit® fmrfuntl ef the, fnfifaml* 
lijmia'>'area yesing 
la ML effort t# a s%r®iig«i' ®aa *®r« msMm m» 
«at«rial f»a ligiii».., ftofmral gmft w«a, Mi. 'bmm 
fF®4m®«t mp ..t® tMs tta®.,, & @tm%- ms «t« ©f tk@ #ff®@t ef' 
^mwfimg tE#- ..fmrffflratl. s©»t@»t with all ®tfe@r fa©t®r@ i«14 
Usatsli-ts ws^r® »te fi^ w^ m4 gmms li^ ia, 
i grftffi® ®f w®a, t#4 ^raits lia« g#4 ®raas sftrtea 
Th^ tmtmtml was mrl®4 f»® IB grmB t# li ^aas is 
ta® iaey^Msats. The rmlnm tmm tfe«s« w«if# 
a#M«t with affrsMwat l^y $i«S ««».% w©#4 fi©«r filler m4sr 
tli« wmm #eaiiti-Qa© mm& t&r tli» ©f 8SBfl@a ffiw 
2i gi-« a® mmltm ©f tests; m th»m mmplm 
wmm bm9wim% ©i® t«gt 
•» ElO •» 
was 10 «sii the lmm% m%m t®#t 
was I..6 f@r @m% Im b©mj*s» 1% is %«li«wt ttot 
til® ftiTfetl© y®smlt« «aii ^ tfe® ipmth®r 
«ret« a«th#a ®f tfe# 3?«®la is It i» alse 
%©li@v«t tliat l«g« ¥at@li»s a&omlt hm mt® sis *ip® 
.@si®i«3 #oml4 tm a®lte4 fma 
.ty#i>a.rfttl.oa of y«8iag tmm llgnia mMag th® 'femeg**' 
Mlei41ey mlmit 
r^##'l«rg@ %at0&#» of wmslmm w%m i» 
til# I#ni«i'-lfl®iAl®y aii:«r# fli« -^t them 
MM' S1I©IBI Im faM« Sf* 
mwm mt 
e#i^ ositio»g #f m t# SI 
'  ^ -J--  ^ t' ' ' • I t 
Silvia ?. TOr#® s Amllim 
M0-» 1, .Syftgtg i Qwm& t &g»»g 
tS i€» lis 0 
14 , mo • so 100' § 
15 §00 100 m 0 ISO . 
• Mm# was a® the eataly#''! in this 
Tkmm tettii«s w«3?@ f3?#far«A im m© W@3®®r-Pfl®itley 
typ® aix®!"# will ell was to afcomt 110®i litfoip® atftinf 
the fflfttei*t«.ls« Batsh®» 13 ^mat iS *f«r« .li®a.t®t «»t alx@t for 
two ho-mrs#. %n% thm 3r®a@ti©a ms se tigeinsm-s i» m 
• mi -
tfeat i% waa tmv -mlj thirty it 
t#© stiff f®.if tli« ffll:x@r t# Iiaa41«, After -ant 
tmlTerlsimg 1B TL® nmml masm^t «II®3,©® • »«rt iK»14@t 
f^#a %hm9 mmlnm msSag %©.th asl(@®t®s i®d w©©t tmm 
ta%l@ If toldlag, 4&t® of %m%m ©a 
w@®i fiU®4 sajtflts f3?#a iai#s® 
y &mm xf 
MoMlmg .3>at» aat Itsaltg ©f f«»t® «a W#©t fi©w 
S«aifl#s frwi SS to 'if 
S 1 t Moiding s Jj^ aet s Wat@y 
laoMingsPresstLTf fStr®ngtk 1 ATa8©rpti®m 
ia^ l«i 1 fin® :lbs*/in® sinehes Falli in 24 fc#ws 
»©« s t Xim» 1 J to Ir®)^ 1 . ! » •  
33-1 180-g0S l»i 1800 IS 
S3-^ 180-g03 4,i H t* 
33-i 195-218 3,§ » 2.Sf 
Sg-4, 195-£1S S»5 m IS 
• 3S*»S BOS-glfi s»i « l,fS 
m^€ g0S-Sl6 s»® # •  l.tf 
M-i 185-202 a,5 » IS 
S4-« 185-S02 S»5 « If 
g4«S 175-199 2.® H l*ff 
175-199 f.S ff li 
mw» 175-198 i.5 « 
l»ff 175-198 S.5 « 
iS-1 180-S00 i.5 H 2.00 
SS-t 180-S00 S.i « 10 
i§-& 181-202 « 10 
ii-4 181-202 n m 
!§•# 180-201 n « f l.fi as-6 180-201 » M 
fifty iw @«at flsmr filler ma m@®4. icltiBg 
»o-« B was w@a« 
- zxz 
fa l^® W% A®ws tats, and resmlts #f tests rxm 
©a mslitst#® tlllst saaples fw^m &,t©lts m t# SS, 
msiai TO. 
.IfeMiag tat« •&»€ lesnlts ©f tests ©» Sa«fl.«g Si.l4«t 
f»tt Battiisg 31 t# »i with A»%®gt#s 
I I „ ::-,r : , 
f tBtrmgrn % tt«orfti©s 
I f flat iP»»s*Mr| IFM. *»J.i t ia M li©»s 
I ®C> t Ilia.. itn »-»ail£ t » 
is-f • soo-gi9 s»s 1800 
30-i gOO-219 •" » 16 
Si^ f 193-209 « " O.SS 
iS-10 193-209 " « El 
IS-ll 175-188 « « Q*m 
.m-lB 175-188 n n 
i4»f lf:i-lf9- n « l.i£ 
i4-s IfS-lff « " IS 
$4.f lf§-ltf •« « B,m 
n 14-10 If l^tf ^ « 
ii-ll IfS-Ilf « « 1*%Q 
m»m iti-sif ^ 
35-7 175-205 « ** 11 
25-8 175-g05 « " Q*W 
05-9 175-202 « '* 14 
35-10 175-202 " " O.fg 
g5-ll 186-219 " 16 
SLI2 l86-21f ^ 
fh« *oli®A sables «oBt&iii0ft $0 f#r mnt mMstm fillm. 
Mmmimmlm, fiie gaapl©s »®lt©ft farem S4 s@®ii«€ to 
li# tfce %e»t «f %h.@ wo©t tlmxr fillet »olt#t frm 
tfe#s« a® sMplts ©f thin lateli ©mlj 
!•?§ @«at ©f water &t%&r twwtf-fo^P Mows 
ffeit s«pl®s wmm sot dis@0l©r«t Isi- irnm&Tslm Im 
- ai® • 
tfees# mmBlm s ®f tfe® tS.m 
0f IS t© ftil® Is a® m%mm$ mm 
mm» ««»#y#la3. f&« sftatl#s twm fiat#!## 
SI 113^ SS with. wo#t w®?# mm stit&m. a®'*' »s 
w&tm m». tUmm of t&@ saafl#s 
©f M 'aaft .tS wme a©t tis®®li®r»4 %j iiiii®fat®a. i» 
wst«p iiwjll "blisters mm ©a th® #f s©«# 
of tfc@a« 
f]b# siy^l.«8^ fi^it US t# It# tfe.«. ¥®#t 
of 'til# &a%f(st»» sa l^@s i»4« fifes -tti® 
&##• ®»lf itHomt, Q«.g t«* ««t water •&ft@f 
tw«%»f©«r Maaps @f la«#i»8lom «a& &f R%®at 
^ tlt« a©4lfi®4 taig#'test» •• 1^®g@ 
wtr®' sffai^atiy iroffeeftet % Idfe® ifflatrsios, i» 'Ife# 
msfet-gf#® 'ftllea »3^1®s &f M sat ^  mtp#ar#t t® 
m mtromg m %hm& ©f latiii iS lat m®t &.» 
t® th® Mtlo» ®f »t®y, 
mm^lm mmte ftm them r#ssmis mm- 'Matt, 
%l$,€sk m& feftft & il«asi»g mmM. 1» «!•«» 
ft & %^fiag '&# aitd® 
f^a w©©:t flemF fili®r. ii®M®i ^tt«F m.m m.mm twm 
It tm that ®tiii •*@tt®s* 
plasties «« 4rr&l®»#t ^ & »3r«. stmty.tk«M m« 
eaaprift ©mt im tMm wm'k* 
« 214 -
Cost Uata 
fh® t&llmim @mis mi. ©wrtnt prims w«r® 
ms®4 8.8 tfe® l&sls of th® ©stlaatloas of tb® .«w 
eests of plastics from lig»l» east hj4rolyii«t agrl^ mltmr&l 
fej-preimtt m&tml&lm (l}t 
mmmt&lkB (§Q 
mt tails 
M i^a (It was ®stliiat«4 
Brttg#i» Cll) that «®«®tall£ •-
•alteli ligniB ©Ottlt hm iM-















Batlnatlom et th« raw tiattyial eeats ®f Bl&stiea frQa 
iigyieml-tiiral ly-mretutt .Materials 
Wrem ®#imstalka» &it@h f 
ffO Ifes.. ^tTOly%®t, ©oCTistalks t l©.©Oi « $ 4.it 
100 lls« fmrfaml ® $0..0f • f .00 
100 lis. aallln® © $0.14g . • 14.iO 
m .».8> lis® @ $0.004S » .14 
1000 l^ s. fswter f©tal G^st • $£8.Bi 
- Sli -
C©st f®r i@«al • $8®.M • $ O.OBi 
1000 
tt&t hmiife*. feslsi 'g® 
ffO I%.8. ©at • 10 #.00® 
ISO !%&., fmrfojml m $Q.m • li,i§ 
« J 
liO mm.. miUmm m $0,148 
^ Xbs.- Umm 9 I0.004S 
liOO. |1l«# total, Gost « 
-
Csst p#r p®imt • $0,0357 
»is®«88l®m. It 8lt©mlt M -mt .%!*&% tli® mnt 
f&T til® plastlfs tmm feetfe ©st' Imlls •••«& 
ai^  l&s®A m #f tli» ©est of elftaiming 'Sat • 
tli« iimlig &T statts ®si@®l&lly f©r tli# ©f flasties, 
1® »llowa»©« wft® art® f©*' th® fa®t tlist %h®mm wetterlal® ai^ t 
%# ©ItfttBftt m lby-if«tm®ts fy©» tea teftmstif s« tit® fpi-
fsratls3a of trnTtrnml fmrn ®at fe l^®# 1® w&b «»ft« 
f@T tfe® fa@t -tkat w&® fr©Atte«ft Awisg. tli® 1^4f®lysis 
®f tie t®a%#.»a of tli® W&im fmtwml ®oml4 , 
m-mtrnmi. m& ms@i im t&® ®f tfe® p®wl.®i" f©ip 
a0lti»g. It 1« l@M®T®t ttost tH© of iaai. 
*iiill»® ®®mlA %m wm&m  ^ #r®» t%at vme& im. 
to, «»4 a »ti®fft®t®2^ »fet®ri&l. fbl® 
%®li®f is te»e4 m tfe® fa®t t&at a sw.li. ®f 
^teri&l m&m stm®«2®t, ®mt- ®f tk® t®wt«r twpis« 
®f sMfles tmm mis ila«® tmrtnx^l a®4 aalllm® aa?®. 
. &m " 
tk® expmmiTe of th® aolAing jowfttr* a saall !•©• 
•4m#tloa'@f til® p»«»nt&g«® ms«4 womlt Msmlt i» a 
Aedre&s®' %& the mmt ©f tli# a©141iig powter* Im fAtitioa te 
thlags Jmst it skomlt 1@ folat®t #mt t&sf tfc® 
preparation, #f tli® fowi.«3r »&ay for mml^  r«tttiy»s 
mme ffl#ftas ®f ffilxlmg tli# @oa|)©a«»t@ t©f#th0T, l^ ls ©trnlA 
l-@ 'demt "T©^ theaplf» f!r#ia s t«msit#mtioa -of tli®s« fatters 
it is ©Tit®at th&% liytrol^ sset ©at talis Mt 
©erastalfc# &tt& sone v@3^ ftefiaite p®ssilblliti®s for tfae 
proimtttos of pl&sti#s* 
Satlaatloa of th# mmt of fa.rfm3ml»lteiia y»®im.a-
yttrjUrftl^ llgftla i^Brta ;f stm. laslsi lst#fct S4 
§©0 !%&* llgitis ® lO.OiS, * I 2l4,f0 • ' 
i©0 l%s. fttrfeL»l. 9 10,09 w gf »O0 
lOO' tt^®a e $0,§4f6 • » 4,fi 
SO !!«• lagSOg #• 10.§11 - _ 
fe:tal CS^gt €#«S8 
f©tsl yl«lt • too l¥s. 
S®8t pim fOiiii4» mfilleA • $ M .iO » $0.0f4S 
900 
CO'St of ffloltiiig pow4«r with w©oA flow tiller 
IQO 11bS;« reslB ^ $'0.0f4g « $ •?,4g 
100 I'bS^. WOOA flow @$0.01375« 1,M 
a§0 »®.- . $ 8»80 
0®st p©TmA • $ i«®0 • $0,044 
• mm 
. iif. 
last si 3f 
$m xhs» iigwiB @ i©.0ss • I m*90 
3m lha* tofaral @ $0*m • «• bf»m 
ISO l%a» aallia# ® •! 
g0 S.%s* iota agh @ $0,03.1 .« 
$ si*®i 
f®tal fi«M a tll.S 
-Cost per t®m4 « I'Sl^ SS • 'lO-Oti 
tll.i 
f©8t. 0f «#Miag with flll#r 
4© Ites# '^€st» 9 10.Oft « I $••§§ 
' #0 lis# a-!s1i€«'l®s @ IO.01S . -.#§0 
$ 4,S® 
§©Bt f©r f©iiaft • S^SsS-, • ' ' ' 
100 • 
•f^oa M:i m ll^ ia ft&m- »®rl@Blt*iral • 
»®t#JpialSt (11) tfeat ®©»i®tall: ajapali 
ligoia fr#i.m»iNi, fey If .80 3p«i' 100- pmw^m^ U9 
ftorlhey tlaat m a ®©»«r«ii8j. s#al# ll^ ia ©«ia.l4 
fM-teily lue imm w#©t %• f«a*lt@fi-t.landL4« 
fm me m • ®«»ts « • If tli« li^im @©mlA %« 
for tw© ##mts m f#mA. tli« noiatsg- p^wttr ©f lutiit 
g4 wltli weoi. fltmT' ftlltip womlt #@'st only I0»0fli t«r f@wt» 
raw wMb«fi»l #©s* of ii wl'ia astoestos filler wmlt 
f#r ®s tk© s«» IKims, It 
aff^-ars tli&t lig»la eff«rs s©» teflmlt#' for 










1  S  
• gif 1-
m8#d 
•i. It imM tMt th# mm wRt«i*4%l mstm ©f 
tmm ir®mlA Itsa tfeaa tkr®e 
««»ts a- Th® #®st ©f pr#ftyrlag the ii©l,tl»g f©wfter 
w«mlt "torn low almmm it Is oBly 'nmrnfamty 1© 0e%m&. tb® 
hjAr©l|fgtt «eis#taas^«i t&ia «4x tlfee 
f,. It is ^@lJ«vet t&at ©till %%Um flastits* 
«h«ap»y flastl®® with mtiBi-&9t&r^ pr&pmties mnM M pi*@-
to@«t froa' tii#s« % « mm stmAj ®f tli® 
mwiM-m imw&l'mi..* 
§•• %1a®^ fl»stl@#: with A plmmiag apft&rase®,, 
hlffe laja®! @tf#agtli»- aM a»tisf»@t©sy mt^r msimtmrn ®aa 
%« fftfapei tmm & Kisctmr® ©f l^ 4folys®A oat kmll®, fmrfmral# 
i^iltms, mi Mm» 
9» fbe hmt smplm &t mmteri&l »€« frm liytMly«i®A 
mt kmlls was laM# tmm the foll#wisg ©©a'Siittt^t*! Oat 
kmlls hytrQlyset fer tw@ Hews with 0*B& M&m&l 
a@14, ?f farts % w«ight.| forfmral# It fart* wigfeti 
anill»®» IS f«rts wei^ ti 'saia liii«» S .ptrts % w«t^t» 
li. fbm flasti© eaterial »A® fef su1»stitmt4«# forfaral-' 
ife®i4m» ter ®at ltmll» was m®atliEf&@t©i^ # &is 
aatertal hat Im mtrmgtb ^4 emi§M€ wbm iWMsr-aeA la »t#r 
f ©f a f«w lemrs... 
11» ^ .a© s®tM#a ms®i «4 tl« «t©»t ®f %tr@ayslg am 
tmf&rttmt ta A®t®»laiii# p»f®rtt#s ©f t&® ^plasti® fro®. 
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«ad® frsffl sofastalks or iJi-trolyzM ®at^ Imlls* 
Mm It m» that th# as¥@st©# -fasfiafRl-
flasti## ©a-J^ &¥©«t- mr mm% 
wmtm as ®#apaf#t irith m&m m® f»' mm.% f&x Mut 
siwflw saA# fmm ©mt Itmlls «r eemstaUfcs* 
If. It is %«lleT#4 ^at tfee ©jtlwiua ®©atltio«@ fm t^# 
prepmiuti-oa ©f ligiim r#sias fea^t a#t %t®a fe«0A, 
1S» It m®. tattaat^ti tfemt tli© rs«r »»t#ri&l tosts @f 
tte® a©lii^  t©wt«r ^st y#isla 
atad th® l#st lig i^s-f^faral-anllise ip®:sJto womlt 1# m%mt 
f#«r. aa4 s«st« a 
If* It i# tlist their mm m&h tiiat 
li^ »-farf«p»3. fMsti#® mmM %e 
li^ la t© ©©«i#t# with s®»« ©f tfe© plasties a©w fr©am#®A 
to. It is ¥«li®'r«4 that a lai^ gs amber of a|^ l««a.twftt 
l^ -fr®tm@t »t«rlal:s as stmw,. stalke ttt tells ©y %%m%m 
©f • M»t» @©mS«. Im a^» iat© fla,8tl« % -^mmmm^m 
siailmr t® thos® m@#t i» tills 
- 2mz 
. illM&ST 
i-laAtcs w«r© aat® '©f ««th-ots #f 
flasti## fif#» as! it was 
t©ma4 tlimt h«s€.^  "klmt flaatiss wttfe A 
%«• pr04mt^ fip&a s miztmrm^ &t liytr&3L^g«A. ©omstitto, farfwral. 
»llia©'a»i. llm* feis a%sor%«4 m&m 
^•® per mmt ®f wat«r is &o«r# tat it was .a@t 
tia«©l#3?#t, wftlisa 03P 0ra®:te®t fr@a tfe® l»««!rst#a ia mt#ir.. 
It ms #®ti»t@4 ttet tfe®' mw mt#ri&X •#®'gts •©£• this ti&»ti@ 
*©mli. ¥®' l«®s than tte®® ©@mts & fotiaft. 
It was t&mA that lmrt» Ma®k flmsti®® with a fltasi^  
apf®Rrsii«#., I^rlj lajpa#t str^^tto, ®it »atis#a®t#if 
i-esistaa## to «t«r «aa tmm m «i^ ^« @f .liyAir©* 
®.&t limU.®, fmrfwal, Mtiliii#, ii*#. fM# 
t&sa &m ®®t of w&t®r is tife»%'-f#«r M®w», 
Imt it mm aot ti®®®l©r®4,, qt tmm thm 
iw«rsi®s i» wst®r» Tk& a®tii©4 ant ®xteat ®f i® 
iaportajit im. .t®t@raimi»f tlj®- fi*©f©rti®a mt 'th.® »®,t«rial w&A® 
from tM© ltft»lyE«4 tealls# It is %®li®v®t tfcat tMe 
#®mlt 1# ©arifiit omt is -irei.^ a wyccaei' tbat «®®sit®raW.®-
faamtiti«» ®f fmrfairal %@ r®«eir®F«4 fr#® tfc« Mmll.® ^ 
®till Imw & T@Bi6.um saitaHl®- t&T tb® if«^M»tioa #f @h«a» 
flasti®#. It mm esti«at«4 that tli® i?aw aat#i'ial ©est® ®f 
- m . 
plastl«» ©at hmlls# witliomt r«®©T@ry ©f fa^ftiral,' wmX&. 
%« sll#t3^ mm tlism S*S.®0iits ptr p®m&. 
• It •mm tmmM. that #»ii- "b© fr©4m««t fr« @©a i^»atioas 
©•f fwfmrai, M^im# •m.S. mlline or wtm» fhBme msim 
h® atsKsi with a miitafel®- filler ant »0lA«A naa.®r fe®at m& 
pr#;»giy«. t® Myftg, "blatl: aaterials that liair# a fleasi^ ^ . 
It Is li«li«ir®4 that tli« optiwa .f©«dltt©ii8 f®3?' 
%he pf i^-awiti©B' of Trntmn w«r® mt f&m^ im tMs »tm%, 
fk& a«.t«ri&l® fe©w®v®i',, tit Mir®. s#i#imt.f stfeagtfe 
®M i»ti8fa«t«3^ mt«r »aistaae». 
It is 'fe@ll«ir®t ^at th# plMti#» fro4ms®t tmm lif-tf#-
lys«i' ©©mstAJJe#,. ©at Mmll»» mt lig»ta MM. 
fi?«p«fti#s swh, ^at mrnf • @fmM "b« fr©4ii««t t© @@af@t® wl*^ 
»©»« o£ tli« flastl#« tt«w @©ratir@imiay.. 
• 
MfllAftlHI. eif® 
• mrlet til, m%&% mmA Irog 
im, i0« 1, x$m* 
of ®htol»l» mm: 
Am©m* A »«w rm naterial flastiss 
&& mtil,isatt»a ©f li^ lm 4®riT®t frm @©al.» 
A«« Si.ilfi« ItSS-. 
&is lyetl,#!..® tisisuyises tfc« pr^paratiom ma fi«©p#rtt»s 
. @f «Ql4ing @®«p#sittoa« mai.# fi»®» th# eoiA®asatl0» of 
It i^B fr©« «©ml wlt^ tli«»ola sut -aiitii®®, -fee • 
©Italait w«y® fr©aist«t» 
Mmrn Maati# mnti&mm mfw&ri 
llig..., 4i; 88-89. IfSS. 
M&ttrnttm m® glv«ii .f©r tfe® ioiA sal#.® 
et pl®sti®i( tmrln^ tli« ytjur ISif. 
laea, Plasties ©M*, M®*l, &«*• 44sfS-ff, ltS?« 
Statl0ti®s tmT the plastl^ ® iatestiej tm Itii 
S.^ 1,, !•, 1.. C*» 
uift S. 1, fy®ffl s«»twfe. gl*ea • 
l(«for« tlk« .aeetij^ 'of tMt Aa®fi©«a 
S«l%» i§. Iff#.. 0.rigl»iil not seen. Alistm®"t«A 
ia *©t«»i 14iW, lowalftr 1936, 
Sawdust tmj lut© ft |la®ti© % (11. 
atld hydrolj'sis» { & )  i ' B l  irat#r totrolysis 
1» the preseji#® ©f a rtiMitlng aaterfal^  asft (4) 
«st«rificatloB. 
1, latft 5ito,. 1, linwirloiaf ir«a Wwtfmml a«f 
SitsMy.- ItlS, 
imi, Alstraetet • i® C. A., MiMt. IfgO, 
Til® f®;TO3.ts ©f atm4t«s ©f r®a«%t©a 
fmiCwal 'aiit mrlous pfe«»oi8 fur® g^w».» 
- tti -
f• 'WmrmA, S. Ortgiaal aot 
Im A. , 4?lSie« Itli, 
ffeis mmm t&# @f a plftsti® aat 
©Irnstl# iAl®h tomslsts im tls-
• sslvlttf glue Im titmtiwM wi"Mi 
• is m f&Tm* §ly««rl», awilia®,; 
ant s©lmll« mllmXmm mj ais® M -fACeft a® 
_ aitttieaal 3P«af«it0, 
i# I»., Iteii#! itat@.s Bat«"t 1,040,800. Ortgtssl 
ast la tM Saisstt# ©f tl.« 
, W, g. mtmt Offl0®,. iits40O^ Iflt. , 
&is patent tli« fr®®««s ©f pfttmstag -a @®a-
•t«3a»ti©» % tiNftstlBg a of ms»i» im' 
& :^«»0l wltl a f®»M.lt©hyt«-:ri«14iBg -sttfestas##, 
f. Bertims, l*,, f, s®t farmer, 1. Wait«t S^Rt®s 
la «i@ tffinlal mt %h@ 
w, i. Mtmt mmsfs^ ifst» 
aii® p&t«nt #©v»rs a ir©®®ss f©r produolug a aoitiag 
fir©» Itgals the h^dmljsim 
©f a wgttafel® .naterAal % prfssimg- tli® llgjaim witfe 
©OBoentratft fe^4i*®:Alort« ifc®i4, fe® aattrlml tees m&% 
r@t^ire th« pr®s®ii@® ®f MmAim 
10» t«lar Hi® BiMm# "r#» i«arl»», f®pfai^ a 
«t:a«y &is«, t#® Aalsiag# • , Siillf. 18it* 
toa-al«a i.«r 6b«ail«* 
% ii««tiag farfwpsait® ChyArofuramide) f©r 
©»#-Mgdf Msmr »t 3J.®*1S§®0» it is transformed iat# farfaria.. 
12. • &i4g«r, G. !,• fr®to«tioa mi. UttlisatioB of Mgaiaa froii 
4grl^ ltiiral %-Briftmtt Materials* . Ifepti1»li^ ®t Ihesis, 
liferai^ , Iowa Stat® •§©11®##., to#®, lows# lfSS» 
It was ©stlmatfiA tfe«t «®'rmgtmlk alkali llpiim ##mit 
^ f®r tO.OSS'f@r po«st«' Ee.atd 'Serferatiem, 
CMlli®®tto®, Obi®, estlniftttt ttefli^ ia fr®« w®o4 ®©mlia 
%« fr®&mt®d f®r 10.06 i«r ps-qbA..- It i® frola¥le tluat 
ligi,i» mmM %» ir<^m«®t hy @ar%#a ti©s:tA« fr#®ljpitatl«m 
m a »©M®relml mml» fm 10.01 t® 10.0® per f®mt. 
1E» lBrlis®a, f. %*. The ®@yl®sua, lad. Sag. C^®a., tSi:ffi-»777. 
Ifii. 
la .ia«#ll®at re^tw ®f ,tb« present stat-os ©f 
s®y^®aa iftAattsy. irsdmetioa 9t«tlsties, ®»aly®®8 ®£ m® 
T&rlems #©ii«tit«#ats of the l®#®, aethod® ®f pr©®»®8img, 
-aad industrial ms®a ®f 8«j1>«tt»8 ar® pr® s®at@d. 
• - -
1$, gmfhmxx, B. !»• ea®®ia-farfaa»l flaatl©.®. Mpmb3.1^#a 
I®m Stat® ,0©ll®g@, immt I@WR. IfiS, 
Sts4i#s *«r® »t© ©f tk® p08sil3illties of sml-
stitmtiag fttrfttral f®r f&rn&l&^^&e in the Gal»14tli tyt® 
#f pMstl®, Si#Meflastl© war® also 
•If #as«ia-fai?fa«i3. mixtwtm Im- tl« tr®s®ae« ©f 
Ta-rltms ' 
M» §s»a@k,- J, A plasti# 
lorn Stat® esllege, 4«®s, tm&» lfS4.. 
•fbis was a ©^tinuatioa ©f th© w^ylc &f I&Tsm® iiil 
• m the froa.m#tl©« ©f plasti@s frm th® f»tetBS ®f 
festli@rs» I® iiarkeA improTsaeiit Im fr®i#i'tl«8 over that 
. ®f pi^ Tlom®' imwatigator® was r®po-rfe®t, 
1S» ^as«., H«r%®t't« F©r4 fie©-@®as®s IS^OOO pouats of flssti@s 
tallf T&T M%& f«ts. it«©l, 100,Fo. £5:42-5,' 
Itif. 
.f©,f€ 1® msteg sfeomt S»000 fonaag-©f • flagties 
t&Sly tm «at© i«rts» S l^s r«.p»Mat8 i© p®!? ®«»t 
®f tfe® total aasBSt flastl@s. mset, 
- li, ®®ast©2at» F# jr. 'lat P®rr©t» jr, B» f., ^t©af 
461#007., Ofiglmal a©t 8«e»,-•' Al8tm®t«i. is C, 4#,. Ss 
3237. WM. 
A plastio, transpar®®t,fl®3Eibl9, noB-inflanajmll®, 
©elluoit substitute, :p®rattti«g oreasing and folAliigs 
 ^ is o^ btalned by tir«atijfl# tmm myhemu wiW  ^
bases^ mu.&h a® ®4&1, m€A:, ©r tyrlAia®, th®B tr®ati»g. 
with an aoid smb as a®@tl©, la©tie or phosphoric, a«A 
finally boiling i« th# pr®s«a#® of Alg{304)« or 
•' • 
3.?* C©»8t«mt» ?• ?®iT©t, i, B. F, Mtitlom't# fi?®a®& 
]^t©at MlpOOf* 0Ti.gim&l mot ®®«». Absts«©t@a. ia 6.. A.., 
fiUfl. IflS.-
•ffels adiitlom ©ov@rs 'th« prejaratios ©f a ©tllmloiA.' 
aabstitttt® by .kitra©miag •rnm^hmm ir©t®iB wltlh sodiw 
phenoiat® and aim, tissoiflsg it ia ale©h©li© l&etl© 
a©i4, .aad r©l.ltmg tli® r&mxmmg »as®, 
18. Cooper, W. X. • Plasties Meft sy®th®ti@ fibers trm 
feathers:,. IMpmblisliei. library, I®wa ftat# 
S©ll®ge, A«®s, Iowa. Ifif. 
, - BZf * 
was a somtln^tloa of the work ob plaatl®# 
f»a tTO-tli#?.®# mm als# mbAb of the f®astMltty 
#f ftl»s «»ft ipitto@tle fibers fr®« tli« 
, p3Pi§t«ia» "©f f 
lf» 1. i,- pyotmetiom ®f plasties-fr©» stj-a 
%«i® #»»•!», '^ ©sis# library, l&m, St«t# 
-®oll«g@.g. imm^ IfSS. 
1^1 a ie * r-®t@rt ©f work t#»« is prodmeimg tlatti® 
ast#r-ial-s 4ir«-0tl^  fmm m^hmm m&% withomt &f the tr©t®la# w#-r® to ir©lm®« flastt#« 
©f the i^ft.lid.ith %f«* w«r# al»© r«f@rl®4' 
the pro4m®tlon. ©f tl®,sti#s -fr«» soybean 
@&ustio -ffliA farafoi«M®%4-® &r trie*y»etliy'l«®« 
20» • ll#k@y, i» !• fiirfttral s»& -wa© of Its tcri-rittl*®®* 
ISipiblished ®h®eis. Mbrar^t Im& State 0©ll©g®:> 
iKwa* 1930, 
, A mrm  ^ ©f th<§ mmrmge mmmml jl#!!. of mgrimltwml 
w&Mtm «»t tl# f#t©atial ji#lt ©f fmrf^al frem 
w®r# fr«««at«i, 
11©!:#, Am 1,.. St® fmrfaral f-itlis of eomstal&s, pe®amt 
a»4 b»et • Btpablishea Thesis. Mbr^n*, jmm-Mtmte §ell«g«, 4®#% lonrn. 1925. 
farfarai yi#lt-» fr©» b®#t oorRStalk®^# 
5©aamt m&. #-ott©a.s®«t hulls w®r« t#t«miB©t. 
t2. l©4i, l#.-6aa. Humphries^ S« B* P.* Iteit^ fateat 
Original m®t mm, Ahmtrm&t^ tm S. 4», 
fsggff, 1915. 
ais ©®T®r@ the pp®-f»mtlo» of m felslith 
of plastlo by haft«ai»g ®®yb#« prot«lB fa a weaM 
fei®ali«hyde bath. 
2S, Ulis, ^ i«rlttos, eb®irf.st.ry ®f/ipatheti.® r®sims» 
f#ls. I and II. -®iapt®r® M «a4 Sfi# , l»i»h©M fabli^ -
tag Corporatiom, Sm York. IfSi. 
Tktm is the aost ®©»flet® work piibli^ ed ©s "Wbt® 
©h@-alst^ of apith«ti© r#8ia»» It ineludes thomsaad® -
of r«f#r««®« m mrioms tjrf®® of r®si»s. Rafter M 
%m m "farfural tesisas", iwt Shaftor Jli i® ©»,"l®#la8 
fi?®* food aad froa €arboh^drat®s**» ' 
f4, - -lri«#0«., lliAard.. BaEperiTOmts with furfural •field® from 
®om @obs msA mm, stalks. ®iiublished fh«®i8. Mbrsry». 
• lom Stat® foll®^, Ammt tm&, ItSS-. 
- i2S -
from miA @©is@®%s 
w#r« 
,gg. F®r®#t R1112 C iiia@.©^sffe«i 
mmi* 8, IfSft, rns^lmmt Wiseonsls^, 
'Vkim- is- a t@«#ri®tlea ©f tli# F#r«gt Bp©4m©t« 
l^ %@rmt®ry*s werk ®a w®#A li^ lm ant pMsti®®, 
ii. '9&mst fclletlB .tlllS 
4, Ifff, »atis®B, 
Bile is ft t®«ertptie» ®f tfe® fy#®#8i#8 ms©& im %h9 
f©j®att0a ®f f.l&sti®® fre» l»4i«r©#t wsatta* 
£f. F©r«0t Protm©t® 11114 lmim0.gmwb.ei. 
mwU %rll li# lt$f. *a4tiE«a., Wimmatm.* 
at© is fc a##@a»litioB ©f til# Bluets 
'worfc'oa'flasties fr@* wm€ liislm* .fM@ 
tellfttla ©oHtiilms stwi pietures Ibeth,' th# affaratus 
mset ami ©f tfe« trotmetp. 
ts. f®rster» W» 1» ®f flastiss from sey%#aa a««l. 
Iswa St&t® Goll«g®, Aats, 
Iowa. X93i. 
, methotS' sf extracting the &il tmm s#yte«tos 
Mtd tifjr«r«t aethods mf ©xtmoting the proteiBO tmm. 
tb# meml were »tm41®4,. . Plastie gaapl#® 
i»i® *oltt»g sejMi® fflital witb ©austic using %&%% 
.iKBfl. pr«»smr«. 
m* S. .lmstli«h« lilt^ eintr ©r^»Bl8®li#K mam, 
•Mmmlm Aer -Chsffii®, 
fiilg artl#!-® tlie preparati©« of twtt&ml 
aoi, its r»»®tioas mith *»ri®m» reagents* 
10., S, 1. WaittA itat@9 mtm'^  
OriglBal. s©t s®em.* im l#, •©• I.., 11S4. 
IflS. 
&is pat#«t ©liwra tfe.® prepsmtiom of & 
®6*fosltloii "by saljecting i® albuminoid t® th© , 
©f B»fhtfe@l «»t f©iaiiJ.40^t® ®sA mAMmg mft®r 
Mat «»t 
.11. §.. fr@4m©tio» ©f ft «©lti»« «ap#»a fro.« 
a»4 ©as®is. ftesis. mirary, 
lowft Stat« Coll®f®., A»@s., Iwa»- ItEi. 
- aif - • 
stmftlf® w#r« laat# ©f ihe posslWllti®® ©f. 
» tlastlt f»a ma& mltk ©Rseia mtiag rnimmr 
mmmm m mm%lm ftstt m m #&.ta]^st. 
S2* *»ri8, f.. 1, frm i«»t««a»©®#13.ml©8i® 
Mferlal# Itirs St&t# 
Aa«s, Iwm» lti4* 
a® immtt&mm 0f femt®®®#,. 
as&- ligRim wltli w#« A fm 
» mMim from ®f 
•ffceiio-is witk p«iit»s#s ©©staining »t®rial.s w«8 
4@-r«l©f@4« 
tt.,. Xartei*lfc,. E, 'i#!®!® SSi^ ftS. Original m«t g®@»« 
Atei'temetet in 1. t. €, 1., 40a441. Iftl. 
ai» •#©¥#»• «. tr«@«#s for mf&:emtimg mll'mlmm 
tmm m&A 
mm »at#rial 1« witto fb«®ols,, or my»tmmm feairlB# 
& «ith®r ia a ©#a#«t3fat«A fe» m 
with, wmtmt mlmk&Xit l>eng.»« 
m alijfe&ti# ia j^ mnmrn #f a 
4 ®alt«W® eatalyst is 0.01 p« ©«t of l^ i-droohlorio a®it, 
Wkm lis&im eomtlnes with the fte»ol t# form a soluble 
wMafe asy msti. as m sAhmtfrn,^ Iftetrnw* #i? 
%li» lik#, wMlft rtsmias wM%« 
m'* m&lmkwh !• ^1^^ fSitfii ti^ 4itl©n -itmw 
m%m% lSi,?OS) 0rigl»i.l net «««« t» 9* !• 
e.' I..» 40igl2A#. Ifgl. 
Stts ^«0*@r8..s »@%kot mf tr@«.tiag ineot ®i? 
««llml©sS# material fm mm »ri»4«®ti©ii of @©llulose, 
teetifi.elal %r phenolie Aigestioa 1» 
©f Iii©i^ aiil@ or meml® ReiA®» 
®r &#lt suljrt@a@«a with tfe# «x©«itl©m ©f lyip®#il©rl,# a#it 
-earpley®!. %m @ataSysts» f®ll®wlag- «t.talyitt® 
m% »«ti®ii®4} ««®aiti» »alt«*, mtmmmim,. staB»i©, 
'i®t ai»© ftlilorlA^s, stlleoa aat sitr® 
SS. J^mis A» Sto.® ir@Am«tioa «f -fla®ti®s ®lii@3i:®a 
feathers. Sb®sis» Iwa itat# 
i.a«s, i©m,» lfii» 
&is work ws m. «tt««ft t& -pmi-um m fla#ti# fr©a 
Gratia #%tala»4 fro® f®®tfe»r®. fh» fr##®#s «#a»ist@t ®f 
fr©t#i» with Ii^ S mi. f©wiali.«^4#» aai, t&sm 
aelAia# %m mw^um »s« ^#r mtst ma fr»ssttre. 
-ts»» T. S. Umitftt States latent 1,606,943. 
not seen. Afefitra0t«4 te C# 4,, SI:333. i§87. 
The product f®tiwgd "bj tto reaetion of farfuml 
aniline or other »#»tie i«la®s is used as a haf4«Riag 
a^eat ia ^lastio «iif@siti©a®» 
W§* t#ms, !• • i« -far K®!m-t»48 4®r £l«a4* wA 
I. .Aagw# ®hmm S4tsg8f-91# 19gl, .. 
The condensation of ph«nol with lignin % 
Willststter method yieM#i m amorphous tes« fr©tm«t. 
if,. %m 1* tttited 'BrntemSi l»917,OSS, ©rigin®! 
aot -mmrn. in i-« A», gfs4S40. IfM. 
A fibrous oarhohsfdrate-eontaining TegetiSthle material 
saoh as sotton or peanut hulls is heated with a smaller 
proportion of a phenol and a mineral acid agent such as 
hydrochloric acid until a stielsy, gams^, onl^ partially 
diaintegratad mass is ol>tained, the material is finely 
divided, and substantially all water solulsle suTE»ettt@«» 
and "unooiafeined aoids are removed. 
S®« Jones, L. 1. United itates Patent. 1,961,588. Origisal 
not seen. Ahstraet«4 is i. A. £8s4849. 1934. 
A oarhohydrate containing vegetable material sm#h m. 
peanut hulls is heat'Sd with a lesser proportion of a pli»ii#l 
and an inorganio acid such as hydrochloric acid until a 
3ti@l5;^% gxiaasesy, fusible, fartiallj'^ disintegrated mass 1® 
produced which contains «aoombined organic acid, eolahlt 
®acro## and other 9olubl« pretmets. An alkaline earth 
aetal salt such as BaCOg is added in sufficient 
quantity upon subsequent heating, to neutralize or aodi^ 
substantially all uncoisbined acid and soluble sucrose 
«^4 their products vmm.imi.ng present, 
fi. Gin#, i» M» Irigttin and ll^la plasties (A 
Modem tlarties# 14,, »#.. St^ »41, IfSf* 
&ls 1® a reTiew. tisemasii^  the eh®»l®try ©f li^la, 
3»#thoft» of isolating it, aad it# ms» in the preparation 
of fla8ti#s. 
40.. lline, f* .M#. li^ ia plasties (A re-riew.). 
i#de» 14, *#. t| 4i^ f ,^ f4*i.. ifif,-
mi-s paper the reaetiona of li, i^a with 
phenol*., with' «i4 with furfm l^. 
41. Xm r^ t* and larger, •#«»«. m*'m% iSS,®!©., 
Original not seen. Abstracted in C. A. mtMim* If34., 
• zwl -
.la»s©,s wim as a filllag aat»rlsl^ w#i»# 
pared by swellinf itgBla, ©btsimtt as a residue hj the 
a@14 Jhydrelysis «f iret«tafej.© materials, in alk&liae 
solutloa and aixi.Bg with ^rs^etl© r®slBg ©r mmmim mm 
the binding ©gent, 
4i# fraybill, H» t. S@j %«a»: @h«®i«tf7. ^©©esAiii^ s of th® 
Seeoaa D^arbona S«mf»«se« ®f ^griealtuopsf, IM-ttstry, 
&a4 I>emrb«im, IB, IS^ 14, ItSS. 
P t # 1936* 
&is paper ais@ttes#« tli« of wybetas* 
S#T@r»l ms#s for, the mriem® #©»«tita«at» »r« list'®t. . 
4t« S®«el®r» I« D#r Holzanfsehlmss jkmml* C@llm« 
losechemit* 4:61-2, Ifii# 
fh# reaoml .®f IS i^a #»§» w@©t was eff®et®ft 
heating It with im th« • if#s«q©© @f l^ troehlori# • 
aeid, Iri&r#® mtQW&tm #f ««r@ l®st by th® 
A@a,s®.tioii of ll^ la with tii®. fh^a®!. 
44,. • F, laAmstff &at Kjybeaa., tlasti^ a, 
li, 1«. t. IS-IS, i4-if. Afrtl 1936. 
' artltl® 4»®®rlb«® the ire®e»s ms«ft by t©rt 
»t#? -Coip®^ 'to the p?®t«»tiQS ©f fl»gtl«» tmm 
fhe optimum ©mtltieas for the proauctloa of fm»ibl® 
r»gims suitable f®r ^e Im wmishes by the e©isL&«tt«ittt@a 
©f J^irfural with asjinee, ketones, and. other ecKBmcmsits 
w®»^# studied. A fusible resin was also produeed frm 
#i®ltoal ail:®s«, by heatiiMI it is the presesee of Ka§K# 
4i. K9lst©sfe, 3» ItelteA -States ^tent 1,753,030. O i^fiaal 
set seem. J-bstraeted 1» §. A. M, £654. 1930. 
A prod-aet saitable f#r ms# im wrsiifees, m ft Aella® 
«bstltttt«, for i«tr# t^la# ant water pr@«fl«g i&ter, 
©r »sT«3i fabrics, usd for other mses saeh a® gears, 
eleetrioal insulation, or fhonograph reeort® m&B mAe % 
heating te^gether starch and i>henol in the preaenos of m 
mid sueh as HgS04. Other ©atalysts or aocelerators «« 
as heasmethylenetetrajsine, broMine, pyridine, S«Clo. 
aniline hydrocftiloride nay b# added to aid tne final 
zbb 
4f . a, States W^.ten% 1,020,8X6. Orlgiasl 
m©t «#m. 4¥stra®t®4 la C. A#, Si: 5780. 1931. 
4 aoMl»g ®®mp0Sitloa Is aat© by heating a pheael 
with ft water solubi® ©strbol^trat# suoh as dextrose 1» 
the presence of an a@ii ©atali^st | sueh as HoSO^) imtll 
mm Imttiftl eondesstitiom pr©ttt@t Is foraet whf©fe is tfe.®» 
s«p&j^t«i ^ d fmrthsr li®at»t mtll & hwpdi 
• • taatlmbl# r«sim i« ir®dm@i^* 
4fi J* Vfc United States latent 1,801,052* Orlgim®! 
B©t s®«a» Abstraetet 1» C*, S5:350g. 1901% 
4 @ar%o^drate 8«®h mm &®3:trose is o&us«t t@ r«&«t 
•with a. altr#g«#0tis mm a»iliii@ aiad- with a ^hm l^k 
g* i^ t®at 1,8O1>0S1 relate® to a process tm wfeith m 
#ari©lg€».t# such as t#3ctr©s# Is oaused to reaet with & 
iiitrog#a»#ms las® material as gailine in the preseiie# 
of i® ®«14i« 0ufestaa#« @»@ti as hydroehlorlo a©it asd the 
fr«tm#t is i»®®ri@rated with a hardening agemt. 
4f* 3\ United States ment l*83g»038. Ortgliial 
not s®m» Ahstraoted im 0, EStSSg* 193S. 
A @ar¥®i3ytr«t@ smeh as stiorose or lemlose and a 
phi^olj, aaj^thsl or r@»#roinol are heated together in 
th® pre sen®® of m imorganlo acid sueh as HI or other 
reaeting materials, t® for® an initial resinous product» 
and a reactlTe substiiE®® free from inorganl® acid and is 
then added, followed bj heating to effect further reastion* 
iO. Meiga, J*, f. United States Patents 1,868,215 and 
l,8§8,gli» Orlgiml® not seen. Abstracted in C. A.^ 
wm.; 
A resinous material resistant to th® action of mter 
comprises the reaction prodmtt# of furfural and h®x®.» 
aethylen®tetra®in® with a ©arliehydrat® phenol resin sm«h 
as may be produced froa phea©! and dextrose. U. S. 
patent 1,868,£16 relates t© m resinous product such 
MBy be obtained by conden«tag a phenol and dextrose and 
ffii3d»« the prodmet irith hea^Bethylenetetramine and 
•••®Mmaw®®d oil. ; ' 
SI. Meigs, J. ?. United States Patent. 1,993,708. Original 
not s®«. Abstracted in^. A, g9:E628. 1935. 
Shis patent eoTers th® preparation of a eoating ©r 
iapr®instiag aai® 'tr&m a solution of the r®-
ftttlom fr®dm»t of a ®arb#hydrate-phenol resin and a 
metal oxlte or hydroxide, suA as one of Oa, Ba, Al, Pb» 
Za, m Wo-t im a vegetabl® solvent together with a 
reactive l»s^ealag agent sueh a® h®xafflet%leaetetraBiiie. 
^ 
Mm a. Applieatiom tm fteftiral a la fabrlcatioa 
de resines a Temis. %mB grasses, 9j4516-f# 
1916. 
% l»is.tt»g fmntoftl is tht pr®s®a@# of alJ®li«s 
with eoap®«3rts ©apthle of toabining with it resins ar# 
proiueet irM«li «,r« of iBtmstriftl «ptli®atio»* 
for @33aBpl«, & %!»#!: mm h@ Bad# fro® asilim# «mt 
furfural. 
il-# %#rs» John 1. Br#tm#tloa ®f a flastt© aaaterial froa 
taasepi^ rated proteits of soyboiui ©eal. TJnpuhlished 
S«is, Library, Iowa itat# College* Ames, Iowa» 1934. 
ifefhean meal *»« tr«mt«ft so as to produce a plastt# 
aat#ri«i ftir®®tly, wl^ out first «#pantti»|| "ttb# pp#t«44.. 
the i»aJL was first .glu.ti»ls#i. with hrdro:^&« 
solutiom aad th® imf#rtal was h®attt wi^  
. mrious mm foimldeliyd#, para-
f©Msld«hyt«-» h#jEi»#t%l®»#t«t»»iat, and fttrfijral. Sh# 
final prodmtt m&s hot a®M«d umAwr pressure, fhe 
r«smltli^  »as» was. mot resistaat. 
.M* A..'*.., lolya&of» *• aad &Si:e#Ta» K. #• 
Itesaiaa lRt®it fir-itliaal aot sees. Abstra@1i®t im 
C* 4.., SOjlfOl, Ifii* 
Mgnin obtained ia@#aplete hydrolysis of 
Ml^ ocellulose with aoits is mixed with 6-10 per ©tat 
of flasticiEsr i»A a« latem or henayloellulose. 
• Si. lOYotiiy# 1. 1. a»& E«idall, B.» S.. trnilNid Stat#® »it®at 
1,705,496. Original mot «8«a, Abstraoted is S, A,, 
£3:2209. 19g9» 
»tlg patent mfmm th« pr#farati©B of a ^«th#t4# 
r»giii ftroa farfti^l a^ i^«ol using a ba'0l# eataa^st. 
Si. HoTotny, 1. B. and li^ #uaE, §« sm l&iited States Patent 
1,721,316. Original »®t s««R. Abstracted in C. A., 
23:4367. 1929• 
A mixture coaprisia^ only a phenolio eoapei^  paA 
m PhOE and cellulose la h«at#d to abow lil5^€ CtuitabJj' 
about 260®C) to cause reaction and foimtioa of a 
soluble fusible resinoua condensation ^du@t whi<^ 
b® further modified by use of Mg, hexa»#t l^«a«tetraaine, 
fttrfaral^  and other reaipit## 
« -
Sf, Hovoti^, S, E. and 6. J. Umited States Patent 
1,816,930. Original aet mm. Abstracted is C, A,, 
£§s54Sl. 1931, 
A ph-esol a»d a star oh such as phenol and eors st»«h 
ar# heated together im the shsenoe of a eataljrst, at a 
t«ii|f#rature of ahout iOO-260^0 to produee a resinous pre­
dict, and a hsrdenimg agent sueh as formldehyde is th#m 
added. The product 1® for eleetrieal insulatiea 
and for other purpos#«# 
is#' Peters, f. Furfural as «s omtlet for @*llml#si« mst» 
materials. l»t, feg, lews ISltSf# lfSf«. 
A Maimer of raw materials were dle#tt«s«d m pot«tla3, 
so««®s for the proiaetion ©f furftiral, 
ftp Ibilllps, Wbo.* fh® @h.«iist*f #f li^ lm* fh.«»i@al. .le i^twe, 
14:103-170. 19M. 
this is a Tery thor©^^ reriew of the work that luii 
d«« SB the methods &f Isolation, $o»sMtution, awl 
tmrntimm &t lignia,. 
§0, Ehillips, Max and Weihe, H, 1* Prepaxation of syntl«tl@ 
resins from allcali li^in, lad, "Exig, Che®., g3sg86-f. 
19251» 
Eesine were prepared fr«a the condensation of ll^ia 
with vatious aromatic asinea, «d with furfural usi3^ 
hoth aoidi® and hasic #at»lys%s, 
$1.' tfmtias, S, W* taiteft itat@# Patent 1,892,409. Orijijaal 
not mtm* AUstraoted 1» e. A,, £300. 1933. 
for froAmoing flat %©ard-li3ce products, finely 
diTidet wood is digested mder heat and pressure in 
aqueow all^li phenol solution, an aldehjrdio eoapotirt 
suoh as forssldehyde is added to the digested produ#t» 
followed hj further heating, remoTal of the surplus litmii. 
and -finally molding -onder heat pressure» 
is a Boutala, 0. and Euula , A#ta @h««« fenatda, 4s 00-9. 
IfSl. ©rigiaal mot sem. Al>straat«t in ©. A., tij504?. 
If 31. 
Experiments were tarried mt to determine the 
#o»ditions of tiat* of ©ondensation, «tti 
©atalyst for the mmammttm of farfarai phe»©l. 
- £8i -
»«0I, ©fflployet as•• stm. 
iS« i»t®w, i^nldohi. of plaatio from prot«lt 
®f Reprlntet fy®® %h% Teehaologj- Reports 
til# f©k©l[p. imperial ITmtYerstty, ?ol. III, Ho, 4» 
if Si* ^api«a» 
fhis is » report A®®«ri^iac w©rk 4®m« « pre­
paration of plastien twm ms^lmm® m»it a pertot ©f 
j®ars., @&^Tamm. pr«-t#t» was witlt. 
Tarious ooabinations ®f %hm fmllming tjpes ®f m&smtmt 
es-asti© al3calies, allcalSmt salts, organic Ms#», 
orgaaie and inorganis phiaols, naphtliftlg «Bt 
f oraialdehyde. 
$4km- IWt* Baited States Batent QrigiMml a«t »mm» 
A%»tra«ted is i&m # f f © f  t l @  1 , '  S , .  i l f e t i i a t  
mm* 
Htls p&tmt ®0T@r8 til# waiaf»#tar® of a ®wwl«wiatt©s 
prt4m®t of 6 proteidal ®atet«a®@ Ijy glutinizing the pro-
t«14»Jl material with m masalia# reaetin^ e®ap«^. 
ii* iMt.« toit®d Stat## '^ mtrnt on«iB»i.aot 
mmm-0 Al>stracted In tfe» Sazette of tii# 1» S* 
mt«t Offiee, 244: ggO, lflf» 
This patent covers the pr®p«ratioii of m 
3.11# substance fey glutiaigi»0 protelas ftiui 
t&« sondeasliig the glutislEet »&ts with as a@tlw 
aet i^ea® ©#ap©mt, 
ifi»' IWd. ^ittA itat#8 mtmt l,B4S,fW» iJriglmsl a©t 
A%at»«t^®i. i» th« tffleial. Sasettt «f th# W* i* 
mt@mt mtim., .M4siso. if if.. 
•ft-is patest mwmm th# ffl®aufaetur« «f ,»tifl€ial 
leather bj' a prooess ©onsists la glmtlaiging 
ipegetahle proteins and tli« nixing fibrous usterials *i%& 
the remlti^ msB, 
if. Illd. mi ted it«t#« mtm$ 0rigimml »©t 
»##&» Jt1fe»tra#t®d in the Offtetal. ^sette &t the S. 
Bat«iit 1441 ti0# lflf» 
• mis patent mr%w& the preparation of a 
liK# su^stiaste % a pr®#e®s consists i» glmtisisia# 
feg®tal?le pr#t«its amt the rising a filler with 
resulting 
iS. IMt, tnited States latent l»g4S,f?f* ©rifiaal tt«t 
netm* »#traet«t Im the Offioiml §®®«tt« of the W. S. 
yateot 144?SiO. 1917. 
- gsi -
pateat tli.® iiaimfaetT»® ot A rabb©* sub­
stitute by a proe«8® mi@k mnslata in treating a Tegetabi® 
troteidal substance «itk a fhenol, an oaEidizing oil, 
m active aetbylese 4i®i^#UBd, and an alkali, and finalli-
wale&nlzing the laass. 
m. Ibid. mt®t bmtm mtm% -rnigimi »©t • 
seem. Abstracted in •&10 Offisial ^ M»tt« &t th# i. 
Patent Oftlm, 1917. 
this patent covers the aanufaeture of m imsulating 
fr®dm®t eonsisting of a liquid glue-like wse #f glutiniueft 
wgetabl® proteid, formaldehyde, and a fibrous body, 
f®. Ibid, United State# latent 1,S4S,?81, Original aot 
seen. Abstracted in the Official Qaaette of the S., 
intent Offi@@t^ g44?2Si«' 191f. 
Ifeis patent eoTers the aanufaoture of laogaer If m 
process ^ ieh consists in ^ mtinizii^ a Tegetable 
proteid with a phenolic ag®iit and then treating with as 
active methylene compound. 
fl.; Schiff, a. iron Sa-orefrnictioa ttittelat 
formaldeljyde. Annal#» &#*• ^leaie, 325:348-i4. 1902. 
It is possible t® fteteraiae amino acids by the ma« 
of forsaldehyde and a base., Wb.e foraaldehj'de rea#ts with 
the »®iao group and leaves th# carboxyl group tme 
that it ean be titrated with a standard base. 
?i. S«liiff, H., tJeber JtofsMwit ^d furfurin. Beriohte 
i.«r demtechen oh©»is#iMi» ®iiwllscfeaft, 10:1186. 1877. 
5his -artiel® ti»ms#®s the formation #f farforia 
tmm furfuraaid. 
fS. Sherrard, 'B# C» «d l®#3.i»g«r, 1, lotted States Jat^t 
1^932,S55. Original m% mmrn&m Abstracted in C. 4., 
28:59E. 1934. 
• A Mldln« composition is'aa&e fr« hytrolj^ et 
lign©@ellulose, furfural# and m. acid srwfe a» l^ rschloric 
acid. -Ihe c©»pou»d. is • suitable for molding .under heat 
and fr««TOr«. Bimol or aiailime w adted. 
f4# Simmons^ t. 1. fk& sMwfacture of casein plastics. 
ae Industrial iheniat, 6:206-8, ££9-232, 297-f. If10. 
this article discusses th® th®#^ and iracti#® of 
plastics froa ailk casein. 
. gf? - . 
fi. Smithy Q, em. ustimatlom of furfural, #» %«a* 
«Si4fS« tSt4. 
fit#- itartwmX yitiia- |mt«, esparto, straw, 'fimi. 
%arl«y w®r# t«t»rmi8®t.. 
ft. i^ ««r, F. H. TJnit#4 Stat#® mt«at ©rtgi»l. 
a®t mmm* A1)stra6t«t tm Offl«4al ®f 
S. mtmt Offio®, 4§ii4i?^ Ifil.-
mis tat«t mrmm t&t pr@#ess for mmMm ®> aoldiBg 
coffipositiom tlftstSiif with ©austi© soia a ®ellulosie 
TOtsrial teaiPiHg satmral- TOlstaa®# «apall« of yt#Miag 
p@sl»©m» ©ttlfarie aeid to t&# dig®st«4 
sass to pr#@ti>tt»%® t&« tissolTed regiaoms ««stituents, 
filterijig, washing, reduoisi^ th# itmtire siass to a 
powtertd for® anA noltisig' mdar haat m.4 prassw® ia tk# 
•prmmm of hydratad ii®»» 
ff• i* Wm aat 1. «. fh® oar%#^trat©s aa& th# 
#a-^#8-of tli« #oy^aam* 1st. .feg» Chem*# fi8§S-8,' If IS. 
' te i^ alysia. of th# #xtifa#t ©f-
ffleal was isade. 
fS, iQ.termei®ter, Mwi»* wt tie industrial apfli@ati.#ms. 
. a# ^«itai iataleg %.»» Ja«#, law York. 1927. 
ffei# is as #h«Mi«al Society Monofraiii 
4tg#ms#,l^  ^aaiatsf #f iiitt easein asd Ita tsAmstria.! 
aff3,l#atl#»s, l^aitar $ im a disouseioii of «a##ta 
tiasti@8« 
ft. i*e«a®y, 0* 1. Waitaft St&taa »ta»t 19£4. 
fhis patent eoTers preparation of a aolding 
eoffiposition l)y treating a pentosaa co»taiiit»g material 
sueh as eomeohs with er®sol in the presett#® #f sulfurto 
aoid as a eatalyst» ®ie r»stm formed t>y tM« reaetion 
la t© a fia® Mxai wl.tii a fillar, Mt 
aoldai mter beat ast praasiira# 
•8®. Sweeney, ©• «• S3i# mtiiisatioa of 
Mlletim fS, lagisaarli^ ' Statiom... Iowa itata 
So 11 eg®, <to«a, Iowa. IfM* 
' toalytlsal data mrm • girm.. m.& a »issl«r of m.a®a ©f 
aomto^s mm ti»«was«t. 
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SI, 0. smi. Am&li., It, X» Cornstalks as m 
iidmstriml raw aat«rtal* Bulletin 98. ISagiaeering 
lxi«rt««t Statiom,. lows Stat« 0©11®^, Aaes, lom. 
It ta ®stiaa.t«4 tfeat the tonnage of eomstalks 
awilaM« oanxiaHj ia tlis United States for industrial 
m®# womlt fe® t» «x©«ss mt 190,000,000 tons. 
ii, faylor,. £. Em Mlf Ismili forts, §&#». • 
ma *#t» ift-lfi. ifm. 
I&is is a» illnstrat®!. ^article desoriljiii^  th« a#tlket 
of #xtra®tioa of the oil tmm aoyfeeans and th# ma# of 1&® 
i^ ml ia th® trofaration of flasties. The ocs^mi,%%m 
of, a Isrfital li&tKfe and & flow itoowing tli« tr©««.ss 
t.» fr«a#nt®t, . 
§§• i, W», MmT, C.. #•., and MwQmlmt. 1. <1* ^arforal 
resias. . Ini» fef.- ISjfei. IfSt*-
fh® fofmtioa of r«sl»>s froia farfoml ®ad aminos 
or ^h«©ls ms .©-tediot. fati'bl# aiA t«fttsi%l« r^siss 
wmm ®%t&i»i8t heating t&tmml end together i» 
l>res»»@® &i all^ ia® eatiO^st, 
14. Wl«@hwas,. f. 0. lait®d fatent l,0il,i4S.. trigin&l 
not ®®ta» Al}stra«t«t im C. J-.# 7:S319. 1913. 
this f&tost mmm m prmmBs of treatise m "rogotAll# 
la^mmts' first with p%m&i «ftt smbsequeatlj'- ^%3#ttlag it 
to th@ Aotioa of f#riml&#h^4#. fhe reaction is aidtt % 
th® sftliofttion of h«at «at pressure. 
15. fieoto^BB, f . Q, ¥mit^ itates .tatent l,tlt,14i« 
Origia&l not s^m, i» lit lift. If If. 
Bite ,|Mitent oofer® a Method of produelng• hart, 
®ol4et frodmets hy the reaotioa of a mg9t&hX0 
mlifvmim with a ip&rtl&l eoateasatiois protuet of phm&X 
• ftsd fonsaldohyd#, 
S$. Yemenitijian.^ Mimas K, eaeein-fmrfural ylaetios, 
ItepiWlshet fhests,^ Mferari', Iowa State Coll®®#., Aaos, 
Iowa, Ifii.. 
Stiidiea were mM.0 m the irodmetioa of a plastie 
material ^ Siart»inf mills easein with fmrfaral. I&e 
saiH®!®® were not veif resiataat t® mter. 
• mf 
ais w&wk w® 4®s# tb# tf •« ©• '»• 
lis mtfim miM. has made the m'X^. & 
is mAt t# 
t&« wfe® im futHfe- #f ife# 
vmUt Ai«©M S, ,iytr»# .K* Iteacter^ Boaald C* %«!£., 
S« A» KMtia®, ;1. A,' JP«t#rso», §• i» ^Itli,. 
1»» ft#slo0lc# 
